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PREFACE 
A C l  inlate Observing System Studv (COSS) was i n i t i a t e d  by  NASA i n  1980 as a  
key space research t h r u s t  i n  support  o f  the  Nat iona l  Cl imate Program and i n  
a n t i c i p a t i o n  of t he  U.S. p a r t i c i p a t i o n  i n  t he  World Cl imate Program. 
Because o f  t h e i r  broad i n t e r e s t s  and expe r t i se  i n  t ne  realms o f  c l ima te  and 
space otservat ions,  Dr. P. K. Rao, NOAAINESS, Professor k ~ r n e r  Suomi, 
U n i v e r s i t y  o f  Wisconsin, and Professor Thomas Vonder Haar, Colorado State  
Un ive rs i t y ,  were asked t o  j o i n  me i n  t h i s  study as co - inves t iga to rs .  
To i n i t i a t e  t h i s  e f f o r t ,  a  Cl imate Observing System Study Workshop was he ld  
on February 21 and 22, 1980 a t  t h e  Goddard Space F l i g h t  Center. The 
purpose of t h i s  f i r s t  COSS workshop was t o  begin t he  process o f  l a y i n g  out  
a  map o f  where we should be heading i n  t he  near and long term and t o  begin 
developing a p l an  f o r  an e f f e c t i v e  space component o f  a  g loba l  c l ima te  
observing system. More spec i f  i c a l  l y  our workshop ob jec t i ves  were: 
a. To develop a reasonably c l e a r  se t  o f  t a rge t s  f o r  a  comprehensive 
observing system f o r  the  e a r l y  1990's. This w i l l  determine where we 
should be headi ng. 
b. To i d e n t i f y  a  r e a l i s t i c  stepwise program o f  a c t i o n  which w i l l  
p rov ide use fu l  c l ima te  da ta  i n  t he  near and mid-term and p rcv ide  f o r  
f e a s i b i l i t y  assessment o f  instruments and methods f o r  t h e  development 
o f  t he  long-term system. 
c. To i d e n t i f y  those impor tant  c l ima te  paranieters which cannot now 
be measured from space and o u t l i n e  a  program of research and develop- 
ment t o  produce t he  requ i red  capabi 1 i t i e s  o r  a1 t e r n a t i v e  i n - s i t u  
measurement methods, i nc l ud ing  h y b r i d  approaches i n v o l v i n g  both space 
and i n - s i t u  techniques together.  
d. To i d e n t i f y  t h e  spectrum of a n c i l l a r y  problems which need t o  be 
addressed t o  insure  s a t i s f a c t o r y  performance o f  t he  c l ima te  observing 
system, i nc l ud ing  long-term c a l  i bra t ion ,  in tercompar i  son, standards, 
ground t r u t h ,  and t h e  l i k e .  
e. To se t  down non-technical  issues which need t o  be reso lved a t  t h e  
na t i ona l  and i n t e r n a t i o n a l  l eve ls .  
As w i l l  be seen f ram the  f o l l o w i n g  repor t ,  a1 1 these ob jec t i ves  were no t  
adequztely addressed. Nevertheless, t he  workshop d i d  make good headway 
and reached a reasonable consensus on a rai15e o f  s i g n i f i c a n t  issues. 
To se t  t he  tone f o r  t he  COSS, I want t o  prov ide some personal  percept ions.  
Over t he  l a s t  t h ree  years t he re  have been many meetings, much discussion, 
and many documents produced i n  connect ion w i t h  plans f o r  both t h e  U.S. 
Nat iona l  and World Cl imate Programs. Much e f f o r t  has a lso  gone i n t o  t h e  
design and development of new instruments and t h e  improvement o f  o thers .  
But the re  i s  a lack o f  coherence, a t  l e a s t  i n  my mind, as t o  t he  grand 
p i c t u re .  Do t he  instruments which we a re  conceiv ing, studying, and devel-  
oping f i t  i n t o  some o v e r a l l  coherent observing system? By and l a rge  t h i s  
ev ident  lack of coherency i s  due t o  the  f a c t  t h a t  t he  Cl imate Program 
i t s e l f  has o n l y  r e c e n t l y  emerged as an i d e n t i f i e d  e n t i t y  w i t h  reasonably 
w e l l  def  fned goals  and a c l e a r  na t i ona l  commitment. Accordingly, most o f  
t h e  developmental e f f o r t s  have been done f o r  a v a r i e t y  o f  o ther  purposes. 
No wonder then t h a t  we have been unable t o  organize a focused and in tegra -  
t ed  s e t  o f  a c t i v i t i e s .  
But t he  observat iona l  requirements f o r  c l ima te  research, diagnosis, and 
impact assessment a re  so broad i n  scope, so demanding i n  terms o f  accuracy 
and p rec is ion ,  and o f  such a long term nature t h a t  we can no longer r e l y  
upon p i ec i ng  together  t he  data from a fragmented s e t  o f  observat ions.  
Rather, we must look a t  t h e  p i c t u r e  as a whole dnd design an i n t eg ra ted  
observing system which w i l l  pe rmi t  us t o  v i s u a l i z e  c l ima te  i n  a l l  i t s  
dimensions. 
With t h e  except ion o f  t : e  Ear th  Radiat ion Budget Experiment (ERBE) 
program, there  i s  no major observing program dedicated t o  c l imate.  Mean- 
whi le,  the  Nat ional  Oceanic S a t e l l i t e  System (NOSS) has come along and 
although i t  i s  ope ra t i ona l l y  focused, i t  r e a l l y  i s  t he  f i r s t  new major 
s a t e l l i t e  system which has an oppor tun i t y  o f  meeting the  c l ima te  requ i re -  
ments i n  a major way. But, i f  we are no t  ca re fu l ,  and we f a i l  t o  move 
expedi t ious iy ,  we may lose some o f  the great  oppo r tun i t i es  t h a t  t h i s  syster! 
has t o  o f f e r .  I t h i n k  t h a t  we would a l l  agree t h a t  t he  observat ional  t o o l s  
f o r  c l imate  are l i k e l y  t o  be so c o s t l y  t h a t  i t i s  v i r t u a l l y  ou t  o f  t he  
quest ion t h a t  we s h a l l  be ab le  t o  j u s t i f y  a dedicated c l imate  observing 
system. Rather, as noted i n  the recent r e p o r t  of the  Cl imate Research 
Board*, we are going t o  hat:e t o  b u i l d  the  c l ima te  observing system around 
e x i s t i n g  and planned operat ional  and research s a t e l l i t e s .  
Whether o r  no t  we r e a l  i r e  it, the  foundat ions o f  t h a t  system are being l a i d  
now. NOSS and ERBE are imnediate examples. Very shor t l y ,  f i r m  dec is ions 
w i l l  have t o  be made about research and operat ional  meteoro log ica l  s a t e l -  
1 i t e s  and the  operat ional  Laadsat systems. For example, dec is ions w i  11 
have t o  be made soon czncerning Ear th  r a d i a t i o n  budget s a t e l l i t e  measure- 
ments a f t e r  ERBE. To a l a t y e  extent,  I am convinced, and I t h i n k  t h a t  many 
invo lved i n  t h i s  study are as we1 1, t h a t  these w i l l  be t he  b u i l d i n g  b locks 
o f  the c l imate  observing system o f  the 1990's. So i t  behooves us t o  p l an  
ahead and t o  make sure t h a t  the  pieces u l t i m a t e l y  f i t  together  i n t o  some 
r a t i o n a l  in tegra ted  system. Time constants being what they are i n  t he  
space business, 1990 i s  j u s t  aroqnd t he  corner. So we r e a l  l y  had b e t t e r  
get  novlng. Although NOSS w i l l  no t  be launched u n t i l  1986, the  system 
design w i  1 1 be f rozen sho r t l y .  
*A St ra tegy f o r  the Yat ional  Cl imate Program; Cl imate Research Board, 
Nat ional  Research Counci I ,  Nat ional  Acadew o f  Science, 1980. 
Moreover, we have t o  ge t  moving on developing var ious techniques t o  measure 
those c l ima te  parameters which are no t  now measurable. I n  f ac t ,  i f  we p u l l  
ou t  a l l  the stops today, we are look ing a t  a decade before we can get  
instruments t h a t  are f l yab le .  I n  short, I f e e l  a sense of urgency; I hope 
I can convey t h a t  sense o f  urgency t o  the  c l ima te  community, and through 
them, t o  t he  dec is ion makers. I t  doesn' t  mean t h a t  we should rush headlong 
i n t o  b u i l d i n g  systems, bu t  t h a t  we should proceed w i t h  a1 1 d e l i b e r a t e  speed 
and purpose. 
A t  the  very leas t ,  I hope t h a t  ou t  o f  t h i s  Workshop w i  11 emerge the frame- 
work f o r  a c l imate  observing system which evolves from what we do n o t  have 
t o  what we t h i n k  we should have and w i l l  need i n  t he  decade ahead. I n  a 
sense, t h i s  f i r s t  workshop i s  a lso a dress rehearsal  f o r  t he  COSPAR specia l  
panel meeting t o  be held i n  England a t  the  end o f  March, 1980 dea l ing  w i t h  
the  same subject,  i.e., d i r e c t i o n s  f o r  t h e  space observing system f o r  t he  
World Cl imate Program. Thus, what i s  decided a t  t h i s  i n i t i a l  Workshop, i s  
l i k e l y  t o  have impact upon t he  approach t o  be taken by the  i n t e r n a t i o n a l  
comnunity. Subsequent t o  t he  COSS Workshop and p r i o r  t o  . 'ie completion c f  
t h i s  document, a d r a f t  o f  t he  COSPAR panel meeting r e p o r t  e n t i t l e d  "Space- 
Based Observations i n  the  1980's and 1990's f o r  Climate Research: A 
Planning Strategy" was prepared. While there  i s  a g rea t  deal of 
comnonal i t y  between the two repor ts ,  t he re  are a1 so s i g n i f i c a n t  d i f f e r -  
ences both i n  terms o f  the ma te r i a l  covered and t he  perspect ives w i t h  which 
they are presented. Thus, t he  two documents should be viewed as mutua l l y  
complementary. 
F i n a l l y ,  t h i s  wcrkshop i s  j u s t  t he  beginning. I hope i t  w i l l  be a s o l i d  
beginning. We are no t  going t o  be able t o  cover everything. We r e a l i z e d  
i n  a b r i e f  workshop o f  t h i s  k ind, t h a t  we cou ldn ' t  cover a l l  subjects.  
You ' l l  no t i ce ,  f o r  example, t h a t  except i n  passing, problems i n  the  upper 
atmosphere, s t ra tospher ic  aerosols o r  gaseous cons t i t uen t s  are no t  
included. lie do hope t o  cover these and o ther  more s p e c i f i c  aspects of the  
program i n  one o r  more subsequent workshops. 
Note that the recomnendations coming from this workshop are in preliminary 
form and are likely to be altered during future deliberations. 
David Atlas 
Workshop Chairman 
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EXECUTIVE SUMMARY 
The meteoro lag ica l  s a t e l l i t e  program has j u s t  completed i t s  second decade, 
and U.S. leadersh ip  i n  space-based observat ions o f  t he  g loba l  weather 
helped fash ion  t h e  beginnings o f  a wor ld  weather system through t h e  Global  
Weather Experiment i n  which more than 150 coun t r i es  pa r t i c i pa ted .  Now, as 
we en te r  t h e  t h i r d  decade, a new oppo r t un i t y  a r i ses  t o  fash ion  a g l oba l  
c l  imate program i n  which con t r i bu t i ons  f rom o ther  coun t r i es  cou ld  
s i m i l a r l y  b e n e f i t  t he  U.S Cl imate Program i n i t i a t i v e .  
I n  developing a Nat iona l  Cl imate Program, which w i l l  be t he  most complex 
and s c i e n t i  f i c a l  l y  d i f f i c u l t  geophysical program i n  t he  n a t i o n ' s  h i s t o r y ,  
i t  was recognized t h a t  a c l ima te  observing system w i t h  a s t rong  space-based 
component would be an essen t i a l  element f o r  t he  success o f  t h e  program. 
NASA, i n  i t s  space research r o l e ,  i n i t a t e d  a Cl imate Observigg System Study 
(COSS) t o  respond t o  t h i s  need. 
To proceed w i t h  t he  study, a COSS science workshop was convened Fet -1 
21-22, 1980 t o  produce p r e l  iminary  recommendat ions f o r  design i n3  and 
b u i l d i n g  a c l ima te  observing system. I t  was concluded e a r l y  dur ing  t h e  
workshop t h a t  t he  c l ima te  observing system cou ld  no t  be separated e n t i r e l y  
f rom afi o v e r a l l  data  a c q u i s i t i o n  and d i s t r i b u t i o n  capabi 1 i ty .  Thc p a r t i -  
c ipan ts  t he re fo re  addressed themselves t o  o ther  aspects o f  t h e  t o t a l  
i n fo rmat ion  problem i n  a d d i t i o n  t o  the  observing system recomnendations. 
I t  was agreed i n  p r i n c i p l e  t h a t  a c l ima te  observing system must be able t o  
u t i l i z e  every b i t  o f  in format ion f rom e x i s t i n g  data sources, be fo re  
general support f o r  new o r  a d d i t i o n a l  instruments and systems cou ld  be 
expected. Thus, t he  workshop produced a number o f  s p e c i f i c  recomnenda- 
t i o n s  t o  improve t he  u s e a b i l i t y  o f  e x i s t i n g  and already planned data. For 
example, i t  was recomnended t h a t  sof tware development be emphasized t s  
lea rn  t o  u t i l i z e  a v a i l a b l e  da ta  sets  f u l l y  and t o  extend c a p a b i l i t i e s  (bo th  
sof tware and hardware) f o r  on-1 i n e  data reduc t ion  and ana lys is  f o r  cur -  
r e n t  l y  operat  i n g  and planned sate1 l i tes.  It was f u r t h e r  noted t h a t  da ta  
a r ch i v i ng  techniques could  be improved by  un i f y i ng  data p-1-ocessing proce- 
dures, and t he  coord ina t ion  o f  planned imaging from d i f f e r e n t  sate1 1 i t e s  
was encouraged. 
The nex t  impor tant  cons idera t ion  ~ d n c e r n s  improvement of observat ions a l -  
ready be ing made i n  o rder  t o  s a t i s f y  c l ima te  data needs. Subs tan t ia l  
increases i n  t h e  number and accuracy o f  observat ions o f  such parameters as 
sea sur face temperatures, t r o p i c a l  wind vectors,  temperature p r o f  i les, and 
c loud cover t o  s a t i s f y  t h e  needs o f  c l ima te  in fo rmat ion  users was empha- 
sized. Some o f  these needs can be addressed i n  some cases by changing 
operat iona l  modes o f  cu r ren t  s a t e l l i t e s  and by improving t h e  accaJracy o f  
ins t rumentat ion p resen t l y  being planned f o r  l a t e r  se r i es  o f  o p w a t i o n a l  
s a t e l l i t e s .  Also, improvements i n  instrument c a l i b r a t i o n  and i ~ c r e a s e d  
use of ground t r u t h  data w i t h  s a t e l l i t e  data w i l l  y i e l d  g rea te r  accuracy 
and h igher  r e l i a b i l i t y  ?f the  data. The i nc l us i on  o f  o ther  f u t u r e  opera- 
t i o n a l  s a t e l l i t e  data, such as NOSS and perhaps Landsat data, w i l l  increase 
t he  dens i t y  o f  measure,,,ent, p a r t i c u l a r l y  f o r  ocean and land sur face para- 
meters. 
A t h i r d  important cons idera t ion  i s  datz  con t in l ! i t y ,  f o r  a c l ima te  observ- 
y system must p rov ide  a long base l ine  3 f  data. Furthermore, t h e  data 
must be taken on a g loba l  sca le  a t  frequent anci r egu la r  i n t e r v a l s  and 
processing should be i n  a prescr ibed, pre-def ined manner so t h a t  a l a rge  
comnunity c:n e a s i l y  make use o f  t he  data. Th is  requ i res  t h a t  t:.e c l ima te  
observing system be an opera t iona l  system, u t i l i z i n g  whereier poss ib le ,  
systems a l ready i n  p lace o r  a c t i v e l y  planned t o  p rov ide  c l ima te  data. Only 
an operat iona l  system can take  the  number o f  measurements r equ i r ed  t o  
support t he  Nat iona l  Cl imate Program. I n  p lanning such a system, t h e  need 
f o r ,  and va lue o f ,  i n t e r n a t i o n a l  cooperat ion arid coo rd i na t i on  must be 
recognized i n  acqu i r ing  c l i n a t e  l a t a .  
Fina l  lg, a f ter  c a r e f u l l y  considering and recomnending what can be done f o r  
ex i s t i ng  and planned c l imate c~servat;ons a c t i v i t i e s ,  i t  becomes log i ca l  
t o  begin planning what new steps should be taken. For example, even though 
the inc lus ion  of operat ional s a t e l l i t e  data i s  necessary f o r  the study of 
climate, i t i s  f requent ly  not s u f f i c i e n t  t o  p2rfarm research. Operational 
instruments qust he tried-and-true, whi le  resear:h instruments are f r e -  
quent ly new and untested. Also, the nature o f  operat ional systems i s  such 
tha t  they cacnot be turned over t o  research pro jec ts  f a r  extended periods 
t o  perform experiments. For t h i s  rezson i t  was strnn?;y recomnended t h a t  a 
Geostationary Test Plat form (GTP) be provide4 t o  fu-nish data tha t  meets 
the need f o r  the study o f  loca l  and regional weather and climate. 
Another major problem fac ing c l  imate research involves the  compl i ca ted  
in te rac t ions  between clouds and rad ia t i on  f ieids. The f i r s t  step i:- ur~der- 
standing these pherlonena i s  making the appropriate observations. One such 
c ruc ia l  observation i s  the  measurement o f  cloud height, independent o f  
cloud tenperature. Two techniques are present ly  being considered f o r  
passive d e t e r m i ~ a t i o n  o f  cloud top height. One approach i s  t o  measure the  
absorption due t o  :.,jgen i n  the  near I R .  The other  approach i s  t o  obta in 
stereo images froin two d i f f e r e n t  geosync::ror,ous sate1 1 i t e s  o r  from a po lar  
o r b i t e r  a t  two d i f f e r e n t  t imes and viewing angles. Improved cloud he igh t  
information would be h igh l y  re levant  t o  the  in te rnat iona l  cloud cl ima- 
to logy p ro jec t  being organized t o  develop a global cloud data set. I n  
addi t ion to  the examples c i ted ,  the need f o r  new or  improved basic sensor 
technolcqy f o r  c l imate observations was noted as we l l  as the need f o r  
upgrading ex i s t i ng  instruments and developing new znes. Sets of comple- 
mentary instruments such as an act ive lpassive micrvwave and most notably  a 
l i d a r  sensor system was f requent ly  noted. I t  was also recomnended t h a t  
plans be formulated f o r  prov id ing support f o r  ground data systems t o  
s a t i s f y  cl imate data needs, inc luding a real - t ime data processing system 
f o r  cl imate pro jects.  
x i i i  
I n  summary, t he  c l ima te  observing systeln should be a  composite system t o  
support hydro loa ic ,  cryospher ic,  and oceanic observations. I t  should 
inc lude  observat ions from near - te rn  NOAA and DOD low and geosynchronous 
o r b i t i n g  s a t e l l i t e s ,  i n c l ud ing  t h e  NOAA TIROS and GOES ser ies ,  and NOSS. 
Eventua l ly ,  i t  should inc lude  observat ions f rom t h e  GEO, LEO, and DCPL 
sysiems o f  a  fu tc l re  opera t iona l  environmental sate1 l i t e  system. I n  view o f  
t h i  s, NASA should develop a  long-term space research s t r a tegy  cons i s t en t  
w i t h  t he  requirements o f  NOAA and t h e  na t iona l  and wor ld  c l  imate programs. 
An oceanic/cryospheric/radiation budget mon i to r ing  experiment centered 
around NOSS, ERBS, and o ther  e x i s t i n g  s a t e l l i t e s  i n  t he  1986 t ime frame 
shodld be inc luded i n  t h i s  p l a n  as a precursor t o  a wor ld  c l ima te  exper i -  
men t . 
The g i s t  o f  the  key workshop recomnendations a re  as fo l l ows :  (Since these 
r e f l e c t  both j o i n t  n a t i o n a l  program recommendations as we1 1  as sp2c i f  i c  
i n i t i a t i v e s  f o r  NASA's progrhy, they are no: necessar i l y  i n  order  o f  
p r i o r i t y  nor do they imp ly  acceptance by NASA management o r  by  t h e  Nat iona l  
Cl imate Program. ) 
a Make maximum use o f  t he  space c l ima te  in format ion t h a t  i s  now 
ava i lab le .  Summat-ize and analyze t h i s  e x i s t i n g  in fo rmat ion  f o r  
t h e  purpose o f  c l ima te  s tud ies  and f u t u r e  opera t iona l  spec i f i ca -  
t i ons .  
b Formulate a  p lan  t o  prov ide ground data systems t h a t  s a t i s f y  
c l ima te  data needs f o r  t h e  cu r ren t  and f u t u r e  opera t iona l  GOES and 
TIROS s a t e l l i t e s .  
e I n i t i a t e  s tud ies  aimed a t  de f i n i ng  opt imized techniques and 
d e t a i  l e d  recommendat ions f o r  mod i f i ca t i on  and/or use o f  t h e  
cu r ren t  s a t e l l i t e  systems t h a t  w i l l  support t h e  development o f  a  
f u t u r e  i r l tegrated i n t e r n a t i o n a l  opera t iona l  g loba l  s a t e l l i t e  
sys tem. 
x i v  
w., 
0 Improve sensor c a l i b r a t i o n  techniques; develop ground t r u t h  tech- 
niques t h a t  a re  more appropr ia te  f o r  v e r i f i c a t i o n  o f  s a t e l l i t e  
measurements. 
0 Obtain improved and new c l ima te  observat ions f rom near-term NOAA 
and DoD low and geosynchronous o r b i t i n g  sate1 1 i t e s ;  spec i f i c  p lans 
t o  se l ec t  the  nos t  va luable  instrument complements w i t h i n  b u i l t - i n  
growth l i m i t s  should be made a t  an e a r l y  date. 
8 I n i t - l a t e  a program t o  develop a geostat ionary  t e s t  p l a t f o r m  f o r  
research purposes. Geostat ionary sate1 1 i tes  should complement low 
Ear th  o r b i t i n g  s a t e l l i t e s  t o r  c l ima te  research and opera t iona l  
requirements. 
8 St imulate  a v igorous prograrr w i t h  u n i v e r s i t y  p a r t i c i p a t i o n  t o  
develop i n - s i t u  sensors f o r  data c o l l e c t i o n  and p l a t f o r m  l o c a t i o n  
systems. 
8 Make every e f f o r t  t o  opt imize the  design o f  NOSS and accompanying 
da ta  systems f o r  c l  imate recearcb. 
8 Place a l ase r  a l  l ime te r  on NOSS f o r  mon i to r ing  i c e  sheet dynamics 
and mass balance, and f o r  c e r t a i n  c loud t o p  experiments and f o r  
measuring boundary l a y c r  he igh ts  f rom aerosol backscat ter .  
Add a 94-GHz channel t o  ~ { ~ J S S  LAMMR f o r  improved cryosphere 
measurements and c loud l i q u i d  water content  measurements and t he  
de tec t ion  o f  p r e c i p i t a t i o n  eve~ i t s .  
0 I n i t i a t e  a s tudy t o  determine t h e  f e a s i b i l i t y  o f  modify ing t h e  
AVHRR t o  a l t e r n a t e l y  view forward and rearward t o  p rov ide  s tereo 
c loud he igh t  and water vapor he igh t  measurements. 
0 The new Advanced Mois ture and Temperature Sounder (AMTS) and the 
AVHRR-X should be f lown on t he  NOAA weather s a t e l i i t e s  a t  the  
e a r l i e s t  oppor tun i ty .  
0 Add a "c l imate  data p i pe l i ne "  t o  the  NOSS data system. 
e Develop a space research miss ion f o r  sn I c e  and Cl imate Experiment 
(ICEX). 
0 Provide a c a l i b r a t i o n  program f o r  NOSS t h a t  w i  11 ensure t he  long- 
term i n t e g r i t y  o f  the  da ta  f o r  c l imate  purposes. 
Note 
NOSS recommendat ions r e 1  ated t o  science requirements 
r e l a t i v e  t o  t h i s  study w i l l  undergo f u r t h e r  examina- 
t i o n  a t  the  request o f  D r .  Franc is  Bretherton, 
Chairman o f  the  NOSS Science Advisory Panel, a  spec I,I 
committee formed by NASA t o  i d e n t i f y  t he  var ious ways 
t h a t  NOSS can achieve oceanic and c l i m a t i c  goals. 
0 Conduct a  mid-term oceanic/cryospheric/radiation budget monitor-  
i ng  experiment centered around NOSS, ERBE, and o ther  e x i s t i n g  
sate1 1 i t e s  i n  the 1986 t ime frame as a precursor t o  a  world c l ima te  
experiment . 
0 Conduct s e n s i t i v i t y  s tud ies  t o  e s t a b l i s h  the  r e l a t i v e  importance 
of var ious c l ima te  parameters t o  subs tan t ia te  c l  lmate requ i re -  
ments. 
Develop a long-term NASA space research s t r a tegy  cons is ten t  w i t h  
the c l imate  requirements and w i t h  NOAA operat ional  missions and 
those of the  na t iona l  and world c l imate  programs. 
x v i  
0 Accelerate research and development in space-based meteorological 
lidar systems. 
r Accelerate feasi bi 1 i ty studies and fol low-on aircraft and ground 
truth val idat ion experiments of instruments and/or systems aimed 
at satellite measurement of soil moisture and precipitation. 
a Initiate a strong program to explore and develop a space-based 
system for precipitation measurements over land and oceans. 
xvi i 
FIRST 
CLIMATE OBSERVING SYSTEM STUDY 
WORKSHOP 
1. INTRODUCTION 
The o b j e c t i v e  of NASA's Cl imate Research Program (NCRP) i s  t o  develop a 
space capabi l  i ty f o r  g lobal  observat ions o f  parameters which h i  11 c o n t r i -  
bute t o  our understanding o f  Ea r th ' s  c l imate. The f i r s t  Cl imate Observing 
System Study (COSS) workshop was convened t o  p rov ide  recommendations and 
r a t i o n a l e  f o r  a Cl imate Observing System (COS). Development o f  a COS i s  
one of four  p r i n c i p a l  areas i n  which research w i l l  be sponsored by  NASA. 
The r e s u l t s  of previous c l ima te  s tud ies  were incorporated as background 
i n t o  t he  COSS workshop. Examples o f  such background ma te r i a l  include: i h e  
Cl imate Parameter Observational Requirements ( t a b l e  1-1) from the  1977 
"Proposed NASA Zon t r i bu t  i o n  t o  t h e  C l  imate Program"; and Poss ib le  
Approaches f o r  Acqui r ing Key C l  imate Observations ( t a b l e  1-2) from the  
" C l  imate Science Working GroupN convened i n  December 1977. 
Basic assumptions are t h a t  t he  u l t i m a t e  goal o f  a g lobal  c l ima te  obsorving 
system w i  11 be achieved through t he  evo lu t i on  o f  combined convent ional  
observing systems and a mutua l l y  suppor t ive conste l  l a t i o n  o f  opera t iona l  
and research s a t e l l i t e s  t h a t  w i l l  i nc lude  low Ear th  o r b i t i n g  and geo- 
synchronous sate1 1 i tes  w i t h  data c o l  l e c t i o n  and p l a t f o r m  l o c a t i o n  (DCLP) 
c a p a b i l i t y  f o r  i n  s i t u  sensors. C r i t i c a l  t o  t h i s  goal i s  t h a t  a l l  apera- 
t i o n a l  systems be designed f o r  maximum compatibi 1 i ty  w i t h  the  requirements 
of the  Cl imate Observing System. An i n t e r i m  goal w i l l  be a p re l im ina ry  
in tegra ted  Global Cl imate Observing System i n  p lace by approximately 1990 
t o  support an an t i c i pa ted  na t i ona l  and wor ld  c l ima te  program goal o f  a 
World Cl imate Experiment (WCE). These assumptions do no t  represent  any 
Tabie 1-1. Climate Parameter Observational Requirements 
Dcslrcd BJSC Honront.11 Vrrt~cal Temponl 
Pararnctcr Accumcv Rcqutrcrncn~ Rcsolut~on Rciolutton Rcsoiti~~on 
I'C Z'C SOU km 200  mb 12-24 Hrs. 
Weather Surface Pres I mb 3 mb 5Wkm - 12-24 Hrs 
3 m lvc  3 rnlvc 500 km 2 0 0  mb 12-24 Hn. 
(* Bas~c Sea S lc .  Tcmp 0 2'C IeC 500krn - 3 Days 
7% 30% 500 krn 400 rnb 12-24 Hn 
Mcx  1 P r c c ~ p ~ t r ~ ~ o n  l Wk 25% S00km - 12-24 tlrs. 
Clouds 100km - I Day 
r cloud covcr 5% 20% 
b cloud top temp. 2.C 4" C 
c. albedo 0.02 0.04 
d total liq. I 0  rnylcm2 50 m#!cm: 
H 2 0  Content 
r ~ e a  Sfc. Temp 0 2'C I0C 500 km - l Month 
occ3n Evaoorrt~on 
Sfc Scns. h n m e t r n  I H ~ J I  Flux 
500 krn l Month 
500 krn 
5 0 0  km 
1 Month 
l Month 
i clouds t Effect on Rrd1at10.7 1 r cloud covcr Rad~at~on b  loud top temp Budret c. albedo d. total 1;q H?O Content Rep~onrl Net Rrd. Component, Eq.-Pole Grad l Month l Month l Month 
src AIWO 
Sfc. Bad Budget 
Solar Constant 
Solar UV Flux L l Month I Mont l~ I Day I Day 
Prcc~p~tatmn 
Sfc Albedo 
Sfc. 5011 Motst. 
Hydrology. 
So11 bto~sture 
Vegctaflon (Root b n c )  
Vegctatwn Cover 
EvrpoInnrplr~t~on 
Plant Wdtcr Strvu 
IU.6 25% 
0.02 0.04 
0.05 Rrn 4 lcvcls 
l i*Olcc so11 
0 05 urn 4 kvcls 
H20/cc So11 
5% 5% 
10% 25% 
4 kvcld2 kvcls 
l Month 
l Month 
l Month 
l Month 
1 Month 
l Month 
l Month 
E Sca ILT tSl. Open Clyosplure Water) hnme tcn  3% 3% SOkm - 3Dayr 7 Snow I . Covcrapc) 5% 5% SOkm - lWcck 28 Snow I Water Content) + I  cm t 3  vm SOkm - lWcck 29 
I J 
*NOTE. U d c r  "Wothcr Varuks"  (Index No 7). histograms of all four c lwd  ~~MICICC~W~II be r n t t d  fla 1100 Lm 
a I00 km borer. 
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na t i ona l  o r  agency po l i c y ,  bu t  merely an assessment by t he  i nves t i ga to r s  of 
what seems a l o g i c a l  bas is  on which t o  proceed. 
As we enter  t he  t h i r d  decade o f  meteorological  s a t e l l i t e s ,  a new oppor- 
t u n i  ty  t o  fash ion  a g lobal  c l imate  program develops where con t r i bu t i ons  
from o ther  coun t r ies  could again b e n e f i t  t h e  U.S. Cl imate Program 
d i r e c t l j .  Th is  documert i s  an i n i t i a l  f e a s i b i l i t y  study t o  p rov ide  space- 
based c l  imate observat ions t ak i ng  i n t o  account i n t e r e s t s  o f  o ther  na t ions  
as w e l l  as our own i n  a w e l l  i n t eg ra ted  weather and c l ima te  observing 
system o f  t he  fu tu re .  
Th is  document deals w i t h  oppor tun i t ies  i n  the  e a r l y  and mid-80's as we l l  as 
a c t i v i t i e s  more appropr ia te  f o r  t h e  90's.  We attempt t o  make use, wherever 
possible,  o f  operat ional  and experimental systems already i n  p lace o r  
under ac t i ve  planning. Th is  i n i t i a l  attempt i s  no t  a f i x e d  o r  f i r m  s i n g l e  
system, bu t  cons is ts  o f  several  candidates o f  d i f f e r e n t  cos t  and pe r fo r -  
mance. 
The d e f i n i t i o n  and development o f  c l  imate observing system requirements i s  
essen t ia l  t o  t he  e a r l y  phase o f  t h e  Cl imate Observing System Study (COSS). 
To meet t h i s  need, t h e  O f f  i c e  o f  Space and T e r r e s t r i a l  App l i ca t ions  (OSTA) 
has approved and assigned t o  t he  Goddard Space F l i g h t  Center (GSFC) a study 
t o  assess cu r ren t  space c a p a b i l i t i e s  and t o  develop opt ions f o r  near, 
intermzdiate,  and long-term app l i ca t ions  o f  space technology t o  c l ima te  
observations. GSFC r e a l  i zed  t h a t  t he  p a r t i c i p a t i o n  o f  the s c i e n t i f i c  
c m u n i  t y  a t  a very e a r l y  stage o f  t he  p lanning process was important.  
Th is  l e d  t o  the  f i r s t  COSS works!~op. The r e s u l t s  i n  terms o f  new concepts, 
problem areas and recommendations from the  COSS workshop w i l l  be p a r t  of 
the inpu ts  used f o r  analysis,  synthesis and i n t e g r a t i o n  o f  c l ima te  
observing system requirements. 
The ~ p p r o a c h  t o  achieve t he  goals o f  f u tu re  COS must be m u l t i - d i s c i p l  i n a r y  
and i n te rna t i ona l  i n  scope, and be supported by a combination o f  measure- 
ments from sate1 1 i t e  o r  space-based systems, earth-based systems, and 
ocean-based systems. However, the key to implementation of the COS 
requires a stepwise program to develop new operati3nal space-based instru- 
ments and systems to monitor climate variables, to upgrade and augment the 
existing network of earth-based climatz observing facilities for acquiring 
data on atmospheric trace constituents, radiation, and other measurements, 
and to develop and establish a global ocean monitoring system. The next 
step will be to identify lead roles for specific tasks to the maximum 
extent possible. For example, NOAA should be expected to have the lead 
role for earth-based and ocean-based observational faci 1 i ties, whi le NASA 
should be expected to continue with instrument development and experimen- 
tal systems for climate research. 
Key topics addressed and discussed at the workshop were: 
a. Needs for the observations: i . e., cl imate monitoring, climate 
impact assessment, climate diagnosis, the development, initial iza- 
tion, and validation of models, sensitivity and predictability 
studies, and experimental predictions. 
b. Recomnended steps related to data systems, observational systems 
and instruments, for near (to 1984), mid (1985-88) and long (beyond 
1988) term action. 
c. The role of in-situ data collection and location platforms 
(DCLP's) to obtai,~ and transmit measurements of parameters for which 
there are now no reasonable remote sensing schemes or concepts. 
d. Experimental programs to validate remote sensing methods, and 
ground/air truth observations to support, interpret, or extend those 
made from space. 
e. Special problems of calibration, stability, intercomparison, 
standards, etc. 
f. The role of low Earth orbiting satellites (LEOS) and gecsynchro- 
nous Earth orbiting sate1 1 i tes [SEOS) . 
Based on these topics, recommendations and rationale were developed that 
exploit existing and planned observational systems and point out oppor- 
tunities where coordination and integration of the entire system can 
vastly improve overall performance. These recommendations were based on a 
set of straman recornendations prepared by the GSFC/CQSS group and 
revised uti 1 izing inputs from the COSS co-invest igatcrs and the valuable 
discussions and suggestions from the working groups of the first COSS 
workshop. 
A variety of topics including remarks on the National Climate ..rogram, 
Earth's radiation budget and cloudiness, hydrological and cryospheric pro- 
cesses, ocean, precipitation, soi 1 moisture, wind and air-sea interaction 
are summarized in section 3 From talks given at the workshop. Participant 
comnents, both oral and written, helped balance the views presented in 2ach 
talk. 
2. WORKSHOP RECOMMENDATIONS AND RATIONALE 
GENERAL CONS1 DERATIONS 
The climate problem is one of the most critical environmental issues facing 
the nation and the world today and i s  likely to remain so for the next few 
decades. Since cl imate must be obser*ved globally, implying heavy re1 iance 
on space observations, NASA has a fundamental role in developing a long- 
term space research strategy consistc?nt with the requirements of N O M  and 
in support of the National Climate F'rogram that would assure a vigorous 
continuing comnitment to the deve10,wnent of a Global Climate Observing 
System. 
Climate encompasses virtual ly a1 1 of the discipl inary and applications 
problems with which NASA has been concerned in the areas of local, 
reg ional ,  and g lobal  weather, upper atmosphere, environmental qua1 i ty, 
oceans, cryosphere, hydro1 ogy, 1  and s u r f  ace proper t ies ,  ag r i cu l t u re ,  and 
s o l a r - t e r r e s t r i a l  r e l a t i o n s .  For t h i s  spectrum o f  a c t i v i t i e s ,  t h e  Cl imate 
Program prov ides a unique u n i f y i n g  and mo t i va t i ng  f o r ce .  The wide a r ray  o f  
ava i l ab l e  expe r t i se  and resources r e l a t e d  t o  remote scnsing w i t h i n  NASA 
prov ides t he  capabi 1  i t y  f o r  scccessful  l y  c a r r y i n g  ou t  deve:opment o f  t he  
space systems essen t i a l  t o  t h i s  cha l leng ing  task.  Tne C! irnn+,e Program must 
be regarded as a  key element o f  NASA's f u t u r e  environmr , observat ions.  
Th is  sec t i on  recommends a wide range of ac t ions  and apprc.. ,,,;, t o  be taken 
i n  developing COS. These recommendations address t h e  o v e r a l l  system, 
COS's use o f  e x i s t i n g  f a c i l i t i e s  and data, t h e  necessary improvements t o  
present observat iona l  and data systems t o  kchieve research gcals, areas 
r e q u i r i n g  new ins t rumenta t ion  o r  research and development, and t h e  use of 
d i s c i p l  ine-dedicated systems f o r  c l  imate research. They a re  no t  
r e s t r i c t e d  t o  recommendations which apply s o l e l y  t o  NASA. They have been 
developed t o  address t he  needs o f  t h e  e n t i r e  c l ima te  research community and 
necessar i l y  c u t  across agency l i n e s .  Th is  imp l i es  va ry ing  lead r o l e  
r e s p o n s i b i l i t i e s  among agencies invo:ved. Most, i f  no t  a l l ,  o f  the  recom- 
mendat ions r e q u i r e  nlul t i  -agency c o l  1  aborat ion and/or u n i v e r s i t y  support. 
UTILIZATION OF PRESENT AND PLANNED . - OBSERVATIONAL DATA AND DATA FACILITIES -- 
As a  f i r s t  s tep i n  addressing t he  backlog o f  data, p i l o t  s tud ies  should be 
i n i t i a t e d  t o  i d e n t i f y  c l ima te  data se ts  t h a t  can be ex t r ac ted  from e x i s t i n g  
and on-going sate1 1 i t e  arch ives f o r  c l ima te  operat ions and research 
purposes and f o r  gu id ing  development o f  f u t u r e  systems. As a l a t e r  p a r t  o f  
t h i s  e f f g r t ,  da ta  f rom the  Global  Weather Experiment as w e l l  as prev ious 
operat iona l  and experimental sate1 1 i tes  should be analyzed and s u n a r i z e d .  
This in format ion i s  of great  value f o r  ongoing c l ima te  research as we1 1 as 
having many p r a c t i c a l  appl i c a t  ions. Resources f o r  ana lys is  should be 
increased as a  mat ter  o f  urgency. 
Regarding planned systems, i f  p rov is ions  are no t  mide f o r  immediate devei-  
opment, processing and a rch i v i ng  o f  c l imate  data sets  which should be i n  
p lace whec s a t e l l i t e s  f l y ,  we can nph/er catch up w i t 5  t he  vast  data backlng 
w i t h i n  any r e a l i s t i c  budget; i n  some instances data would be permanently 
l o s t .  For these reasons we w i l l  probably never e x t r a c t  maximum use fu l  
c l ima te  in fo rmat ion  from the  past  sate1 1 i tes. I n  e f f e c t ,  near- rea l - t ime 
c l ima te  data e x t r a c t i o n  i s  requ i red  even though t h e  dc tua l  avpl  i c a t i o n  o f  
i t  i s  normal ly f a r  f rom rea l - t ime.  
To ensure t h a t  these p rov is ions  Ere made, p lans should be formulated now 
and support should be provided f o r  c l imate  data se t  e x t r a c t i o n  from cu r ren t  
and f u t u r e  operat ionai  and research s a t e l l i t e s .  Present support and com- 
mitment t o  t h i s  a c t i v i t y  i s  inadequate. Much c l ime te  da ta  could be t x t r a c -  
t e d  > i n n l y  by mod i f y i r~g  cu r ren t  operat ional  data a r ch i v i ng  procedures. 
SYSTEM CONS1 DERATIONS 
Cl imate analys is  must move teward the  phi losophy o f  developing t o t a l  sys- 
tems t h a t  mest t he  requirements o f  both operat ional  and research problems 
by combinations o f  data from a1 1 c o n t r i b u t i n g  sate1 1 i tes  and convent ional  
observing systems. The c l  imate system i n r l udes  s i g n i f i c a n t ,  i f  not major, 
elemt,its o f  a l l  the  o ther  d i s c i p l i n e s  w i t h  which NASA i s  concerrled i n  
environmental and Ear th  observations. Therefore, t he  t ime i s  r i p e  t o  
approach t he  problems h o l i s t i c a l l y .  Conceptual s tud ies  suggest t he  f e a s i -  
b i l i t y  o f  t h i s  a p y o a ~ h  (A t l as  e t  al., 1978: V is ions o f  t h e  Future Opera- 
t i o n a l  r4eteorological Sate1 1 i t e  System). The coa l  s o f  an o v e r a l l  cl.dmate 
system car1 be g r e a t l y  reduced through t he  use o f  operat ional  systems pro- 
p e r l y  designed t o  meet c l ima te  requirements. V i r t u a l l y  no s i n g l e  opera- 
t i o n a i  problem can be s a t i s f i e d  b:! data from a s i n g l e  s a t e l l i t e .  F . ,  
example, g lobal  v-ather  depends cn TIROS-& l a r g e l y  f o r  soundings bu t  
requ i res  GOES f o r  wind determinat ion. The Cl imate Observing System w i l l  
r equ i re  data from every operat ional  sate1 1 i te. 
As a first step within this holistic approach, a study should be initiated 
imedi ately to define optimized techniques and detai led recomnendations 
f w  modification andlcr use of the current and future integrated inter- 
national operational global sate1 1 ite systems to assure meeting the space 
observational requirements of the Cl imate Research Program. Particular 
emphasis was placed on the inclusion of geostationary satellites to 
comp -merit low Earth orbiting satellites for climate research and opera- 
tions, since a number of vital observations from geostationary orbit are 
required for both regional and g:obal climate and for ocean measurenents 
(cloud climatology, regional land hydi*ology, air-sea interactions, etc. ). 
Many of the research instruments included in the COSS Workshop Rec~r~rrenda- 
tions are probatly too large and complex to be a c c m d a t e d  on an opera- 
tional satellite. In view of this, NASA should consider developing an 
applications research satellite devoted to climate research. Furthermore, 
experience w'th the data obtained from a research sateliite is needed to 
help define the optimum future 3perational systems. The use of weather 
research sate1 1 ites (Nimb~s) to support an operational system conf igura- 
tion (TIROSIWES) is a good precedent. 
A plan should be formulated to provide support far ground data systems from 
current and future operational and research satellites, in order to 
satisfy climate researcil needs. However, in many cases, sate1 1 ite data 
alone, without supporting sround truth measurements, are i~adequate either 
to measure or to infer the required parameters. This is especially true of 
ocean and Earth subsurf ace characteristics where the 1 arge coverage and 
repetition of satellite observations can be used to interpolate in time and 
space between in s i b !  measurements. Therefore, a vigorous program with 
university participation sqould be stimulated to develop in-si tu sensors 
for data collection and platform location systems. 
OPERA -- ..--. rlONAL INSTRUMENl-S --  
COS w i  l! requ i r e  data fro111 v i t - t ua l  ly  every i r i s t r .  wit on e x i s t  iny and 
pldrlrled operat l u r ~ a l  spacecrdf t. I n  order  t o  take advarit age o f  the  oppor- 
t u n i t  i e s  t o  obLii i r i  ~iew ~ I I J  i ,~ iproved c l i~ i i d t e  observdtions, t he  nwst va lu-  
dble instr.u~nerit cornple~i~ents hould be se lected f o r  near- term NOAA and Do0 
t E S 5  dl!,! GEOS d t  ,I! edt-I?;' date. !I] add i t i on ,  any f u t u r e  meteoro log ica l  
sa te l  1 i tr? shou I d  be deb igned t o  a i c o n m c ~ ~ ~ t e  growtti and have the  capabi 1 i t y  
f o r  c l ~ l n a t e  research. Recarmendations regardir ig NOSS ins t rumenta t ion  a re  
discussed l a t e r  i n  t h i s  sect ion.  
An ANTS arid A'dIiRH-X on TIHOS would p rov ide  medris o f  rriniing improved SST 
me~surenents  i r ~  cooper-at ion w i t h  a LAMMR on NOSS. The increased v e r t i c a l  
r e s o l u t i o n  o t  the MTS provides some hope f o r  i n f e r r  iriy a i r - sea  exchanges. 
Since an 4VHRK-X atid LXMMR athe so t i gh t  l y  i n t e r r e l a t e d  and mutual l y  depen- 
d e ~ l t ,  i t  i s  necessdry t:, f l y  them as nea r l y  s imultaneously as poss ib le .  Of 
course, the  imaging c a p a b i l i t i e s  o f  AVHRR-X i n  a m u l t i p l i c i t y  o f  channels 
also would have many other  appl i c a t i o n s  t o  the oceanic and cryospher ic  
problems and t o  the anci  1 l a r y  c l ima te  problems o f  sur face albedo, snow 
cover ,  ~ e g e t a t i o n ,  and land-hydrology problems. A s tudy should be i n i t i a -  
ted  t o  determine the  f e a s i b i l i t y  o f  modi fy ing t he  AVHRR t o  a l t e r n a t e l y  view 
forwar-d and rearward tc; p rov ide  s tereo c loud he igh t  and water vapor he igh t  
measurements. 
The AVHRR-X and the  new AMTS ? re  recomnended t o  be f lown on T I R O S  weather 
sate1 1 i tes  and t o  be reasonably complementary t o  NOSS, i .e., they should be 
i n  the same o r b i t  p lane and separated by - + 3 hours. 
PLANNED OPERATIOKAL AND RESEARCH SYSTEMS 
------ 
As noted e a r l  i e r ,  COS w i  11 r e q u i r e  data from many opera t iona l  and research 
systems and programs which are dedicated t o  one d i s c i p l i n e .  These inc lude  
NOSS (ocean meas?rrements), ERBE (Ear th  r a d i a t i o n  budget measurements), and 
I C E X  (cryosphere measurements). To f u l l y  e x p l o i t  these systems f o r  
c l ima te  research, t h e i r  designs rnust be opt imized f o r  t h i s  purpose. 
Recommendations f c r  op t im i z i ng  these s.vstems are inc luded i n  t h i s  sect ion.  
Nat iona l  Oceanic Sate1 1 i t e  Svstem (NOSS) 
NOSS i s  t he  f ' r s t  opera t iona l  sate1 i i t e  focused on oceanic problems, As 
such, i t  a lso  represents a new oppor tun i t y  f o r  meaningful c l i m a t i c  
research. The Nat ion s imply  cannot a f f o rd  no t  t o  e x p l o i t  i t  t o  t h e  f u l  l e s t  
ex ten t  poss ib le .  NOSS and some of the proposed improvements t o  i t  are 
c r i t i c a l  t o  the  success of t he  Ocean Cl imate Mon i to r ing  Experiment, a  major 
t h r u s t  o f  the  Nat iona l  C l  imate Program. Therefore, every e f f o r t  should be 
mzde t o  opt imize t he  design of NOSS and accompanying da ta  systems f o r  
oceanic c l ima te  research as w e l l  as f o r  opera t iona l  requirements. I t  i s  
s t r o n g l y  recomnlerided t h a t  a  program be i n i t i a t e d  t o  p rov ido  f a r i  l i t i e s ,  
resources and i nves t i ga to r s  capable o f  absorbing, processing, and at-tdlyz- 
i n g  t he  NOSS data se t  f o r  c l ima te  s tud ies.  
The NOSS spacecraf t ,  as t he  f i r s t  s h u t t l e  opt imized p l a t f o r m  design, 
should no t  be l i m i t e d  t o  the  across-the-board 25 percent b u i l t - i n  growth. 
The basic design should be expandable i n  area, power, and data handl ing t o  
accomnodate up t o  150 percent  growth so t h a t  NOSS can serve as t h e  p ro to -  
t ype  of the  next  generat ion opera t iona l  "bus." Thus, i n  t he  l a t e  198O8s, 
proven opera t iona l  hardware w i l l  e x i s t  t h a t  can c a r r y  opera t iona l  rc w e l l  
as c l ima te  research instruments.  I f  an expandable capabi ; ! t j  f o r  the  
operat iona l  sate1 1 i tes  i s  no t  implemented, NASA should implement a  c l ima te  
research s a t e l l i t e  se r i es  t o  p rov ide  a low Ear th  o r b i t  t e s t  p l a t f o r m  f o r  
c l ima te  research. 
The NOSS opera t iona l  data processing and ana lys is  f a c i l i t y  i s  now con- 
s t r a i ned  i n  s i z e  and c a p a b i l i t y  t o  support o n l y  o p e r a t i o n a l l y  use fu l  
oceanic data (and cryospher ic  data if the  i c e  payload i s  added). Th t re  are 
a  v a r i e t y  of o ther  c l ima te  parameters t o  be der i ved  from the  da ta  (e.g., 
oceanic p r e c i p i t a t i o n ,  poss ib l y  snow depth over land, c loud l i q u i d  water 
content,  e tc . ) .  I n  view of t h i s ,  a  "c l ima te  data p i p e l i n e "  should be added 
t o  the NOSS data managanent system so t h a t  processing o f  c l ima to log i ca l l y  
important data can be accomplished i n  a t ime ly  way. I n  addi t ion,  a p r o c r a  
should be establ ished t o  design and implement a continuoo.s ca l  i b r a t i o n  dno 
ground t r u t h  capabi 1 i t y  for  ensuring val i d  algorithms f o r  c l imate data 
sets from NOSS observations. The algori thm v a l i d a t i o n  t o  be funded 1:nder 
the NOS5 program w i l l  be too  1 im i ted  i n  scoyk and durat ion f o r  t h i s  pur- 
pose. The e f fec t  o f  these recommendations, when taken together, w i l  l make 
NOSS a f u l l y  in tegrated p a r t  o f  COS. 
During the l i f e t i m e  of the NOSS dual spacecraft system (assuming both are 
flown i n  the same o r b i t  plane), operations and data acqu is i t i on  from both 
f o r  a one year per iod should be planned. It i s  understood t h a t  the NOSS 
a l t i t u d e  i s  such t h a t  the LAMMR swath a t  the equator i s  approximately ha l f  
o f  what i s  required f o r  cont igu i ty .  Phased operat ion ( h a l f  o r b i t  sepsra- 
t i o n )  w i l l  create a one-year data set  of contiguous global day and glob21 
n igh t  cl imate data (such as r a i n f a l l )  t h a t  can be derived from the LAMMR 
data. This i s  necessary t o  evaluate the  e f f e c t  o f  reduced sampling on 
f u t u r e  missions. 
Note 
NOSS recomnendat ions re1  ated t o  science requirements 
w i l l  undergo f c r the r  examination as requested by Dr. 
Francis Bretherton, Chairperson o f  the NOSS Scient i d i c  
Advis0r.y Panel, a speci a. comni t t e e  formed by NASA t o  
i d e n t i f y  the various ways t h a t  NOSS c r ~  achieve 
oceanic and c l ima t i c  goals. 
I c e  and Climate Exuerirnent ( I C E X I  
The cryosphere research object ives, observational requirements, and asso- 
c i  ated invest igat ions o f  I C E X  thoroughly address the space-re1 ated cryos- 
pheric needs o f  the National Climate Program. (Refer t o  Report of the  I C E X  
Science Working Group, December 1979.) I C E X  can be p a r t i  a1 l y  implemented 
in the late 1980's using NOSS and its 25 percent research component. The 
addition of the cryosphere research complement of sensors to NOSS and 
implementation of a research data processing and analysis facility that 
would also meet c1i:nat.c data requirements js recorn, 2nded. Such a faci 1 ity 
is essentia'~ for continued de.-.el~-wnt of parameter extraction techniques, 
speci a1 studies of cryospheric processes, and 9roduction processing of 
t~i~her level ice climate data sets. 
To achieve partial jmplementation of ICEX, the followit~g additions are 
recomnended for NOSS: 
The addition of a laser altimeterlranger within the N3SS 25 per- 
cent research component and the adaptive tracking modification of 
the radar altimeter because investigation of ice sheet mass 
balance and stabi 1 i ty o r  inscabi 1 i ty (inherent and with respect to 
natural or Cop-induced climate changes) is a major ~2jective of 
ICEX. It is extremely important to begin monitoring of the ice 
sheets and the potential for ice sheet surges so that consequent 
imp~ct on climate can be determined. The development of such an 
observational capabi 1 ity for ice sheet elevation and horizontal 
velocity was one of four observatio~al developments recomnended 
for the 1980's by the NASA Climate Science Working Group (CSWG) in 
December 1977. The techniques are ready for implementation on the 
NOSS schedule, and are highly complementary to the NOSS opera- 
tional payload. These research additions would also fulf 1 1  1 the 
operational NOSS requirement for ice sheet height, which cannot be 
met by the operational payload alone. Moreover, the laser ranger 
system would enable valuable research on improved orbit dynamics 
as required for sea surface height which was another of the four 
observational developments recomnended by the CSWG and is a high 
priority of the ocean research program. 
e The addition of a 94-GHz channel for improved sea ice type deter- 
mination and research and mapping of snow on land and "yes-no" 
detection of precipitation events. 
u A data collection and location system to obtain simultaneous in- 
sitti surface data to complement data collected with NOSS sensors. 
Earth Radiation Budget Experiment (ERBE) 
The radiation budget, consisting of the incoming solar radiation and the 
outgoing reflected and emitted radiation, has a long history of scientific 
interest dating back before the 19th century. The importance of the 
radjation budget, and its variability over a large range of time scales, to 
understandii;; the Earth's climate leads to the need for lop;, ;~omogeneous 
data sets. Calibration and the stability of the measurements is 
consequently a primary concern, with the data reductjon being of equal 
importance. 
Since validated measurements are required on a regular basis, a radiation 
budget observing capability, including monitoring of the solar constant 
and incoming and outgoing radiation in narrow and broad spectral ba~ds, 
should eventually be incorporated into the long term operational system. 
Continuity of effort and stepwise development of the observing system are 
of considerable importance. Currently, sate1 1 i te measurements of the 
Earth radiation budget are being made with the ERB on Nimbus 6 and 7; they 
will continue with the Earth Radiation Budget Experiment (ERBE) on the 
Earth Radiation Budget Satellite, and on NOAA F and NOAA G. The presently 
planned ERBE system should be considered as a prototype for follow-on Earth 
radiation budget operational measurements to ensure data consistency. The 
same instrument complement is then a logical candidate for inclusion on the 
NOAA H, I, and J missions. The instrument complement on ERBE includes both 
solar monitoring and Earth viewing channels that provide a range of spatial 
reso lu t ions .  I n  add i t i on ,  ERBE i ncludes both shortwave and longwave 
ca l  ' b ra t i on  sources which a re  essen t i a l  f o r  de tec t i ng  changes i n  
instrument response i n  space from t h a t  dur ing  ground c a l i b r a t i o n .  
An opera t iona l  r a d i a t  i o c  budget system f o r  c l  imate observat ions must 
recognize t h a t  i t  i s  essen t i a l  t o  measure t h e  r e f l e c t e d  and emi t ted  rad ia -  
t i o n  w i t h  broadband instruments t h a t  have as f l a t  a  spec t ra l  respofise as 
czn be designed. Genera l ly  speaking, i t  i s  d i f f i c u l t  t o  design r a d i a t i o n  
detectors  whose u n c e r t a i n t i e s  are smal ler  than 0.5%, even i f  ca re f i i l  
a t t e n t i o n  i s  pa id  t o  c a l i b r a t i o n .  I t  i s  perhaps o p t i m i s t i c  t o  expect 
over lapp ing narrowband instruments t o  p rov ide  h i g h l y  accurate measurements 
o f  t he  s p e c t r a l l y  i n t eg ra ted  r a d i 3 t i o n  f i e l d s .  Beyond t h e  quest ion of 
e r r o r  prcpagat ion w i t h  d i f f e r e n t  sensors observing l i m i t e d  spec t ra l  bands 
i s  t h a t  o f  es t imat ing  the  t o t a l  f i e l d  when on l y  se lected i n t e r v a l s  are 
observed. Var ia t ions  t h a t  occur between t he  gaps w i l l  be completely 
missed, although they may be s i g n i f i c a n t  f o r  the  t o t a l  r a d i a t i o n  budget. 
For example, r a d i a t i o n  budget est imates based on i m i  t ed  spec t ra l  data, 
such as a  few channels i n  the  v i s i b l e  and i n  t he  f r a r e d  window do no t  
observe: 
- changes due t o  water vapor 
- changes due t o  C02 
- changes i n  t h e  near i n f r a r e d  due t o  vege ta t ion  growth, death, o r  
s t r ess  
- changes due t c  ozone concen t ra t ion  changes 
- the ac tua l  a l b e d ~  o f  c louds 
- much o f  t he  thermal i n f r a red  emission from p o l a r  regions. 
Thus a  wide v a r i e t y  o f  "c l ima te  change" on scales rang ins  from a  few days 
(over which r a i n f a l l  cou ld  a f f e c t  vegetat ion) ,  t o  in te rannua l  t o  years 
(over  which C02 o r  o ~ o n e  concen t ra t ion  changes) cou ld  be unobserved o r  
m i s i n te rp re ted  as changes i n  t he  r a d i a t i o n  budget by  est imates of t he  SR o r  
AVHRR type. 
Our under-standing of t h e  causes of c l ima te  change a lso requ i res  
in fo rmat ion  f rom 1  i m i  t ed  spec t ra l  bands. Thus, f u t u r e  Ear th  r a d i a t i o n  
budget measurements should i nc l ude  broad, bu t  1  imi ted,  spectca l  i n t e r v a l s  
designed t o  de tec t  expected changes i n  the  Ea r t h ' s  r a d i a t i o n  budget, such 
2  as a  4 W/m decrease betw?en 12-18 vm due t o  t h e  doubl ing o f  C02 and a  
compensating increase i n  the  r a d i a t i o n  emi t ted i n  the  8-12 pm spec t ra l  
i n t e r v a l .  Owing t o  t h e  s i zeab le  changes expected i n  t h e  t r a c e  gas concen- 
t r a t i o n ,  such as t h a t  o f  N20, CH4, 03, and CFMs, a  h i gh  r e s o l u t i o n  
spectrometer should be used p e r i u d i c a l l y  t o  assess t he  impact o f  these 
t r ace  gases on the  energy budget. 
CALIBRATION REQUIREMENTS 
For c l ima te  studies,  p r e c i s i o n  and/or r e p e a t a b i l i t y  a re  o f t e n  as impor tant  
o r  more impor tant  than absolu te  accuracy. Reproducible da ta  can do much t o  
mon i to r  and advance our understanding of t he  c l imate.  However, t h e  accur- 
acy, p r e c i s i o n  and compati b i  1  i t y  of da ta  necessary f o r  t he  c l  imate program 
have no t  been achieved w i t h  measurements f rom prev ious s a t e l l i t e s  because 
present  rad iomet r i c  standards and techniques f o r  t r a n s f e r r i n g  c a l i b r a t i o n  
t o  f l i g h t  sensors a re  inadequate. 
Long-term observat ions,  such as t h e  SBUV Mon i t o r i ng  Program, have shown 
the importance o f  ma in ta in ing  c a l i b r a t i o n  of i n d i v i d u a l  sensors, of cross- 
c a l i b r a t i o n  o f  s imi  1  a r  sensors on d i f f e r e n t  sate1 1  i t es ,  and of i n t e r c a l  i- 
b r a t i o n  o f  instruments on successive s a t e l l i t e s .  Ground t r u t h  c a l i b r a t i o n  
w i l l  be r equ i r ed  f o r  v i r t u a l l y  a l l  of t h e  parameters impor tant  t o  t he  
Cl imate Program. The importance of a  g iven parameter t o  the Cl imate 
Program and t h e  f eas ib i  1 i t y  of implementing t h e  requ i r ed  ground-based ne t -  
work w i l l  e s t a b l i s h  the p r i o r i t y  of development of those networks. 
A joint program should be developed to meet these sensor calibration 
requirements necessary to the climate program to insure valid in'tial 
cal i bration of sensors and long-term continuity of cal i brat ions among 
sensors flying simultaneously and/or successively. Speci a1 ground-based 
networks or observing systems should be developed and operated continu- 
ously at selected sites as ground truth calibration and intercomparison 
facilities. 
NEW INSTRUMENTATION 
Lidar 
Research and development in space-based meteorological 1 idar systems 
should be accelerated to improve the measurements of aerosols and cloud 
height, of winds, and of atmospheric temperature and pressure distribu- 
tion. These systems would potentially include a differential absorption 
1 idar to measure atmospheric temperature, humidity, and pressure profiles, 
a single wavelength 1 idar to measure atmospheric aerosol distributions, 
and a Doppler 1 idar to measure horizontal wind fields. 
Passive infrared and microwave temperature sounding from space is 1 imited 
to accuracies of about 2'~ with an altitude resolution of 5-8 km. $mall 
scale features such as the tropopause and the boundary layer cannot be 
resolved. Potential-y, a differential absorption lidar system could 
measure temperature profiles to about lo C accuracy with an altitude 
resolution of 2 km and pressure profiles to 1-2 mb accuracy with an alti- 
tude resolution of 1 km. While these lidar capabilities remain to be 
proven, they do promise a significant improvement in atmospheric sounding, 
and a unique abi 1 ity to measure pressure profiles. 
Range resolved laser backscatter from atmospheric aerosols can provide an 
effective method for inferring the a1 ti tude of the planetary boundary 
layer and the tropopmse on , global basis. Both the tropopause and the 
boundary layer are marked by a discontinuity in aerosol backscatter as 
detectable by 1 idar. In addition, global measurements of aerosol back- 
scatter profiles in the stratosphere and troposphere will be valuable in 
assessing the influence of particulates on atmospheric radiative transfer. 
In data-sparse regions of the global ocean, we are presently limited to 
rough estimates of wind based on three techniques: cloud tracking, surface 
winds from ocean roughness, and in mid to high latitudes, the geostrophic 
approximation. In the band - + 20' about the equaiar, little wind informa- 
tion can be derived or measured. The lidar technique, which depends on 
measuring the Doppler-shifted backscatter from aerosols holds the only 
promise to infer, on a global basis, the clear air wind fields. Recent 
studies (subsequent to the COSS Workshop) indicate the promise of an alter- 
native 1 idar wind measurement technique based upon the displacement of the 
aerosol backscatter pattern at a selected height as ~s2wed successively 
ahead of and to the rear of the spacecraft at an interval of a few minutes. 
Because of the clear potential for lidar to provide accurate measurements 
of the basic state variables and winds, even though limited to clear or 
partly cloudly conditions, and to furnish important anci 1 lary cloud and 
aerosol data, a vigorous 1 idar development effort is proposed. 
Precipitation and Soi 1 Moisture Instrumentation 
Both soi 1 moisture ard precipitation are important climate parameters. A 
great deal of research and development has been done in each of these 
areas, but the feasibility of space measurements remains controversial. 
Feasibi 1; tj studies and fol low-on aircraft and ground truth val idation 
experiments should be accelerated to develop the techniques, instrumnts, 
and systems necessary for sate1 1 i te measurements of precipi ta+.ion and soi 1 
moisture. 
A strong program i s  needed to develop a space-based system for uniformly 
measuring precipitation over land and oceans. Recent studies have raised 
doubts about the adequacy of microwave radiometric methods for measuring 
rainfall over the oceans, even where problems of surface background 
brightness temperatures are thought to be minimal. The 1 imitations 
include serious bias due to beam filling, inadequate corrections for 
"effective rainfall height" and highly variable effects of cloud liquid 
water content. Higher resolution radiometers such as LAMMR (to be flown on 
NOSS) will reduce beam filling errors. The shortcomings of microwave 
radiometers over land are equally difficult. While present algorithms 
which depend on statistical regression to relate the visible and/or IR 
properties of cloud to rainfall appear to provide reasonable measurements 
over the tropical oceans, they havo serious problems measuring strati form 
precipitation. Moreover, they are not transferable from one region to 
another for measuring rai nf a1 1 over 1 and. 
The only other reasonable approaches for measuring rainf a1 1 over 1 and are 
spaceborne radar and/or in-si tu ground stations and surface radars. Whi le 
the problems of a spaceborne radar are not trivial, they relate mainly to 
resolution and power. These prcblems appear soluble within state-of-the- 
art technology. A spaceborne meteorological radar would also have very 
broad appl icabili tj to other research problems of interest to NASA and NOAA 
(e.g., severe storms, hurricanes, global weather, hydrology, weather modi- 
f ication assessment, agriculture, and water resources). Such a radar 
would also contribute to measurements of soil moisture, sea surface scat- 
terometry, and a broad range of cryospheric parameters. 
Despite the limitations of L-band radiometry from space, it is the only 
approach which promises to provide useful soil moisture measurements, as 
we1 1 as being important to cryospheric applications. Since both the L-band 
radiometer and meteorological radar require large aperture antennas, and 
since they provide mutually supporting measurements related to the hydro- 
logical cycle, it makes sense to fly them simultaneously. 
A combined space-based meteorological radar and microwave (20 cm) soil 
moisture radiometer s'iould be seriously considered for a research mission. 
The 15 m diameter antenna proposed f o r  the space radar  would p rov ide  a 
rad iomet r i c  f o o t p r i n t  o f  2  km a t  5 cm wavelength and 8 km a t  20 cm wave- 
leng th  from an a l t i t u d e  o f  600 km. Th is  would meet a g r i c u l t u r a l :  hydro- 
l o g i c a l  and c l ima to log i ca l  needs. F l y i n g  both t he  p r e c i p i t a t i o n  radar  and 
s o i l  mois ture radiometer together  would be an economical means o f  conduct- 
i n g  d e f i n i t i v e  t r i a l s .  
OCEANIC/CRYOSPHERIC/RADIATION BUDGET MONITORING EXPERIMENT 
The importance o f  t he  oceans and a i r -sea i n t e r a c t i o n  t o  t he  c l ima te  system 
i s  broadly  acknowledged (see Gui de l  ines f o r  t h e  Air-Sea I n t e r a c t  i o n  
Speci a1 32L Report, December 1979). Houever, measurement problems are 
formidable and w ' l l  r equ i re  cmb ina t i ons  o f  i n - s i  t u  and sate1 1 i t e  sensing 
along w i t h  well-designed f i e l d  experiments. A major i n t e r i m  ocean moni- 
t o r i n g  experiment i s  cms ide red  t o  be a c r i t i c a l  step to :  (1) consol idate 
understanding of t he  r o l e  o f  the  oceans i n  t he  c l ima te  system, ( 2 )  prov ide 
a means of parameter iz ing t h e  i n t e r a c t i v e  ocean-atmosphere processes i n  
coupled GCM models, ( 3 )  extend and assess a b i l i t i e s  t o  sense t h e  c r i t i c a l  
oceanic parameters, and ( 4 )  se t  the  stage f o r  t he  1990 Cl imate Observing 
System and World Climate Experiment. I n  connection w i t h  t h i s ,  an expanded 
experiment i nvo l v i ng  oceaniclcryospheric and r a d i a t i o n  budget mon i to r ing  
as a j o i n t  e f f o r t  center. .! around NOSS, ERBE, and o ther  e x i s t i r l g  s a t e l l i t e s  
i s  r e c m e n d e d  i n  the  mid-term t ime frame as a precursor t o  a  World Cl imate 
Experiment. 
The ocean moni tor ing ~xpe r imen t  i s  a l ready one o f  t he  major t h r u s t s  o f  the  
Nat ional  Cl imate Program. It w i l l  be needed t o  t e s t  t h e  system, v a l i d a t e  
measurment capabi 1  i t i es ,  e l uc i da te  component phys ica l  processes i n  con- 
j unc t i on  w i t h  suppor t ive ground t r u t h  experiments, and p rov ide  data se ts  
f o r  use i n  mid-term assessment o f  c l imate  model p r e a i c t i o n  and s e n s i t i v i t y  
experiments. 
FUTURE PLANS 
As a fol low-rn t o  t h i s  f i r s t  COSS workshop e f fo r t ,  we w i l l  proceed toward 
more spec i f i c  studies and implementation ?lans as p r i o r i t i e s  are developed 
under these general categories: 
a. I d e n t i f y  c l i m a t i c a l l y  useful ata which are not  now being extrac- 
t ed  and propose mechanicms t o  ob ta in  these data. 
b. Study the array o f  candidate c l imate or iented improvements t o  the 
next generation o f  operat ional meteorological s a t e l l i t e s  and recom- 
mend the sequence of developmental events necessary t o  b r i n g  them t o  
f l i g h t  readiness. Prime near term candidates are the Advanced Micro- 
wide Sounding Un i t  (LMSU), Advanced Moisture and Temperature Sounder 
(AMTS) , and Advanced Very High Resolution Radiometer (AVHRR-X) . 
c. Provide TI conceptual design of the  next generation of geosyn- 
chronous sate1 1 i t e s  which simultaneously meets the range of opera- 
t i o n a l  meteorological and c l imate rescdrch requirements. 
d. Define the c l ima t i c  appl icat ions o f  NOSS and the  conceptual design 
of a "c l imate pipe1 ine" which w i  11 assure the  avai l a b i  1 i t y  of dats t o  
the c l imate archives. 
e. Col laborate w i th  NOAA and NCAR s c i e n t i s t s  i n  the d e f i n i t i o n  of the 
"cean c l imate monitor ing system. 
f. Complete d e f i n i t i o n  o f  overa l l  candidate in tegrated global 
c l  imate observing systems and assess t h e i r  r e l a t i v e  f e a s i b i l  i t y  and 
costs. Conduct p r e l  i m i  nary overa l l  system and t radeof f  studies. 
g. Prepare p r i o r i t y  l i s t i n g  of candidate instruments for  the  long- 
term observing system and define a recomnended development program. 
Prime candidates are L ida r  Temperature and Pressure Sounder, Doppler 
Lidar Wind System, and combindd soil moisture radiometer and 
precipitation radar. 
h. Define ground truth systems required for validation of syace- 
based remote sensors and networks of in-situ sensors needed as 
calibration "tie-points". 
3. SUMMARY OF WORKSHOP PRESECTATIONS 
Material presented at the Workshop, as summarized i n  the following 
section, contain additional or complementary recomnendatiocs which will be 
important in developing follow-on studies and implementation objectives 
for the various elements of a climate observing system, 
The opening talks were concerned witb Nat !anal C! imate Program aims ~ n d  
pol icy (Dr. Epstein) and general climate observational needs (Professors 
Suomi and VonCer Haar). They were followed by a series of t~pical 
presentations, emphasizing the u~iiaue climate rth.,. '-~ments placed on an 
observational system :n the fol loking areas: I.., :,;face and hydrology, 
ocean cli~late monitoring, earth radiati~n budget and c.loudiness ana 
cryospher ic processes. Also included werz discussions of important 
climate parameters that are difficult to measure. The rems-inins topical 
presentations covered current operational meteorological sate1 1 i tes, 
together with recomnended improvements (Dr. Yates, Dr. Arking, and Or. 
Miller). The final talk of the day, given by Dr. Atlas, summarized all the 
requireme~ts and projected them into a global climate observing system for 
the 1990's. 
The evening session was opened by Dr. Greenwood, who briefly olitlined 
NASA's role and expected participation in the climate progran, citing that 
two key decisions concerning the future climate progrw, should be m3de soon 
about the iinplernentaticn af the 1381 fol low-on operat ional meteorological 
sate1 l i t e  program and the NOSS missioo. These decisions w i  i l be important 
i f ;  the planning process fo r  a c l imate observing system. Reactions t o  the 
day's proceedings w i t h  emphasis on modell ing needs, were then reviewed by 
Dr. Lei th,  D r .  Hansen, and Professor Gates. 
S ~ m a r i e s  o f  the workshcp t a l k s  and other d i s t r i b u t e d  mater ia l  f o l  lcw. I n  
the opening t a l k  Dr .  Epstein, o f  the National Climate Program Office, 
pointed out t h a t  t i ie  success o f  the  Climate Program  ill depend s t rong ly  
upon new ideas and cew approaches tc~ so lv ing  c l ima t i c  problems. To t h i s  
end, the Climate Research Board recomnends naking maximum use of c l imate 
information avai 1 able now. The broad p r i o r i t i e s  o f  the  National Climate 
Program's d r a f t  5-year plan are: (1) t o  provide c l imate data; (2 )  t o  
re5pond t o  impacts ~ n d  p o l i c y  impl icat ions o f  c l imate i n  such areas as 
world food production, arid (3 )  t o  understand c l imate and i t s  mechanisms 
(so l  ai- radiat ion,  ocean heat tr*anc,port, etc.  ) . 
The plan i s  expected t o  be complkted and presented i n  the near future.  
However the more de ta i led  p r i o r i t i t :  contained i n  i t  may be changed based 
on fu tu re  workshop recomnendations and r e s u l t s  o f  f eas ib i  1 i t y  studies. 
Undoubtedl~, Set ter  sets o f  p r i o r i t i e s  w i l l  be generated and improved 
d i rec t ions  given as the National Climate Program evolves. 
GENERA? CLIMATE OBSERVATiONAL NEEDS 
Professor Suomi spoke next on the philosophy f o r  the development o f  3 
cl imate observing system and key elements o f  t h a t  development. Brie; ly 
s ta t i ng  the d ic t ionary  d e f i n i t i o n  of philosophy, Suomi concluded t h a t  
develcpment o f  a cl imate observing system reaui res both hard work and 
patience. 
His discussion focused on aspects of the c l imate observation system useful 
f o r  determining the extent o f  c l imatz p r e d i c t a b i l i t y  and understanding the  
extent o f  man's in f luence on climate. The i n s t i t u t i o n a l  p rob lem i n  the 
development of weather and c l  h a t e  measurement systems and the need fo r  
t h e i r  mlnirnization were emphasized. The accomplishments o f  each system 
w i l l  guide i d e n t i f i c a t i o n  and se lec t ion  o f  f u t u r e  operat ional instruments 
and systems needed t o  develop a c l imate observing system. 
The status o f  the FGGE system was c a r e f u l l y  reviewed. Experience w i th  the 
FGGE data se t  shows tha t  the greatest def ic iency occurred i n  the equator i  a1 
wind set. Even i n  the delayed data transmission mode, h a l f  the data over 
equator ia l  A f r i c a  d i d  not a r r i ve .  I n  the r e a l  t ime mode a large f r a c t i o n  
o f  data over South kner ica was missing although recovery was much more 
sa t i s fac to ry  i n  the deltyed mode (see GARP Newsletter). These def ic ien-  
c ies  are a l l  the more severe when one rea l i zes  tha t  the t rop i cs  were only  
marginal l y  observed dur ing the in tens ive  observing periods o f  SOP I and I I. 
Fortunately,  the recovery of c loud d r i f t  winds froni e geostat ionary 
sa te l  1 i t e s  makes up p a r t  of t h i s  def ic iency but  they lack the needed height  
resolut ion.  
Prospects fo r  the adequate coverage of the equator ia. t r op i cs  i n  the e a r l y  
80 's  by any method looks bleak indeed. GOES I has been moved away from i t s  
Indian Ocean posi t ion;  unfor tunate ly  Meteosat i s  nn longer operating, the 
t r o g i c a l  wind observing ships have returned t o  former programs, and the 
a i r c r a f t  dro~sonde has been concluded. I t  i s  economical l y  impcssible t o  
continue t h i s  c o s t l y  po r t i on  o f  FGGE. Thus a large data gap w i  11 cont inue 
through t ' le  f i r s t  hal f  of the 80's. 
D r .  Suomi then discussed the removal o f  key de f ic ienc ies  i n  the present 
World Weather Watch, bu i l d ing  a case f o r  a t r o p i c a l  o r b i t i n g  s a t e l l i t e .  
a. Cloud heights. Thanks t o  a suggestion by H. Yates a remarkably 
simple method of adding a stereo imaging c a p a b i l i t y  t o  the US type o f  
l i n e  scanner imagers seems qu i te  feasible. The camera i s  re-posi-  
t ioned so i t s  r o t a t i n g  scan m i r ro r  i s  v e r t i c a l  ra ther  than h o r i -  
zontal. 
Two plane mirrors are added to look forward and aft and an excellent 
set of stereo images can result. A spacecraft equipped with this 
modified scanner could provide superb cloud height information. 
Since the stereo imagers are not simultaneous an error due to cloud 
drift will result; however, this error is easily removed because one 
has additional information on the cloud drift from geostationary sat- 
el lites. Three important benefits arise: (1) cloud winds will have 
more accurate heights; (2) cloud heights and their control of radia- 
tion can now be realistically investigated; (3) wind estimates in the 
data sparse regions can be provided. 
In the zones not covered by geostationary satellites, the time dif- 
ference between the stereo views for the low clouds is long enough and 
the parallax effect small enough to provide useful winds. In the 
tropics we have a good idea of low cloud heights anyway. At higher 
altitudes, the cloud lifetime is much longer so in addition to provid- 
ing cloud heights (with some error due to motion estimate errors) one 
could get motion information in overlap portions of the images 
between orbits. 
Further there are likely to be many samples when the satellites in 
polar orbit view the same area as the inclined orbit so a total data 
gap is quite unlikely. 
b. Ocean surface topography. The equatorial clnd subtropical zones 
have both large rainfall and large evaporation rates while at the same 
time receiving strong radiation from the sun (see later paragraph). 
The heat transport by ocean currents out of the tropical regions is 
one of the most important parameters in climate modelling. 
An inclined orbit precesses more rapidly than a sun-synchronous one 
and precession is very important for the earth radiation experiments 
mentioned later. 
A detailed description of the benefits of ocean surface topography 
which also require an inclined orbit is given elsewhere in th's docu- 
ment. We wish to point out here, most strongly, the additional 
benefit of an inclined cribit for this program also. Obviously, com- 
promises as to the degree 3F inclination will have to be studied, but 
it is clear that an import~nt class of ocean surface topography prob- 
lems, such as the equatorial undercurrents and the weaker 
circulation, exists in the equatorial region itself. In order to 
achieve the orbit precision needed, a non sun synchronous orbit is 
required. 
c. Water vapor stereo. The remarkable images in the 6.7um band of 
water vapor obtained with Meteosat provide a wealth of information on 
the flow patterns where there are no cloud tracks. L. Johnson has 
shown that winds can be derjved from these images. Unfortunately the 
heights of the winds calculated from water vapor tracks have a large 
uncertainty due to the broad weighting function of this channel. 
Stereo images of the water vapor images would improve the height 
resolution significantly and the addition of other H20 channels would 
help even more. 
d. Sea surface temperature. A near equatorial orbit will provide 
co.isiderable overlap in all images including the IR. Up to now the 
main technique of SST retrieval has been to estimate the water vapor 
correction and to use a simple adjacent cloud field scheme to provide 
clear column radiances. When views from different angles of the same 
area of the sea are available, as they would be in the aforementioned 
overlap areas, it is possible to remove the water vapor contamination 
by extrapolating the differing air masses in the several observations 
to a zero air mass. Thus the vapor contamination can be removed. 
Further,  t he  ocean cu r ren t  system i n  the  equato r ia l  reg ions i s  ve ry  
i n t e r e s t i n g  and t he re  i s  mounting evidence t h a t  warm areas c o n t r o l  
t he  convect ion l o c a t  ion. 
e. Ear th  r a d i a t i o n  budget. Ea r th  r a d i a t i o n  budget work so f a r  
c l e a r l y  shows t h a t  a t  mid and h igh l a t i t u d e s  t he  main va r i a t i ons  occur 
w i t h  changes i n  l a t i t u d e .  On t he  other  hand, i n  t he  equato r ia l  
t r o p i c s  the main va r i a t i ons  occur w i t h  longi tude, thus a low i n c l i n a -  
t i o n  o r b i t i n g  spacecraft would be an idea l  p l a t f o rm  f o r  ea r t h  
r a d i a t i o n  budget observat ions as we1 1. 
f. S o i l  mois ture s t ress.  I f  the  o r b i t  i n c l i n a t i o n  i s  l a r g e  enough 
t he  t r o p i c a l  spacecraft  can sample the  boundary zones of the  l a rges t  
deserts on earth.  The i nc l us i on  of an imaging channel i n  the  so- 
c a l l e d  ch lo rophy l l  band o f  t he  so la r  I R  cou ld  be used t o  determine 
whether t h i s  method i s  v i a b l e  f o r  the  observat ion o f  t h i s  important 
parameter. 
g. Rad ia t i ve  and thermodynamic proper-t ies o f  clouds. Curran has 
shown, i n  a SkyLab experiment, t h a t  one can ob ta in  est imates o f  phase 
and 1 i q u i d  water content o f  c louds us ing 0.74pm t o  1 . 6 1 ~ ~  energy r a t i o  
of the so la r  r e f l e c t i o n  from clouds. Inasmuch a; t h i s  spacecraft  w i l l  
a l so  prov ide c loud coverage, c loud heights, water vapor, and excel-  
l e n t  r a d i a t i o n  budget observations, the  add i t i on  o f  these channels t o  
a i d  i n  the  est imate o f  the  thermodynamic p rope r t i es  o f  c louds should 
prov ide a ra the r  complete se t  o f  observations f o r  i nves t i ga t i ons  i n t o  
t he  con t ro l  o f  both shortwave and longwave r a d i a t i o n  by clouds, both 
extended f i e l d  s t r a t i f o r m  clouds as we1 1 as those o f  deep convection. 
h. Stratosphere t r a c e  qases and winds from so la r  occu l ta t ion .  I f  
t he  o r b i t  i s  i n c l i n e d  t o  23 1/2O one could get  year-round o c c u l t a t i o n  
measurements o f  t race  gases on Doppler s h i f t s  o f  the Fraunhofer 1 ines 
f o r  winds i n  t he  stratosphere. 
i. Temperature and moisture profiles. Despite the limited perform- 
ance of both IR imagers and vertical sounders - as mentioned elsewhere 
in this document - they should be included on the tropical orbiter 
also. There is mounting evidence that heat is added through deep 
convection to the top of the tropical troposphere. 
These actual cloud cluster zones often form the roots of intense sub- 
tropical jets which extend to high latitudes. These effects must be 
better understood in dny viable climate modelling activity. 
A very 1 imi ted capabi 1 i ty equatorial low a1 t i tude sate1 1 i te was proposed 
as part of the original Global Observing System but never implemented. 
Perhaps this was fortunate because of its very 1 imited objectives. Now it 
seems a very strong case can be made for a Tropical Workhorse, low inclina- 
tion, low altitude orbiter. It does not replace the geostationary satel- 
lites, but augments and complements them. It can even provide valuable 
information in existing gaps in the geostationary coverage. 
There are not any known national plans to provide such a capability. Suomi 
recommends that the JSC explore this needed addition to the World Weather 
Watch of the 80's. 
The last talk concerning general climate observational needs was given by 
Professor Vonder Haar from Colorado State University. Several satellites 
now or presently in orbit can be exploited for climate studies. Some of 
these are the Nimbus 7, the Solar Maximum Mission, and the ERBE, as we1 1 as 
the GOES and TIROS operational satellites. Each of these sate1 lites 
carries one or more experiments dedicated or applicable to climate 
studies. Vonder Haar described how these satellites may be used with 
reference to four key climate parameters the solar constant, the radiation 
budgct, clouds and precipitation. 
Both +he Nimbus 7 and Solar Maximum Mission satellites are currently moni- 
toring the solar constant. The solar constant, being a measure of the 
energy output o f  the  sun, i s  an important c l imate parameter which has now 
been measured f o r  one year by the Nimbus 7 ERB experiment (see f igure  3-1). 
The accuracy o f  both experiments, being w i t h i n  0.5%, i s  s u f f i c i e n t  t o  
monitor so la r  r czs lan t  changes which w i  11 a f f e c t  cl imate. ERBE's continu- 
a t i on  o f  these observations puts the  s ta tus  o f  t h i s  COSS ob jec t ive  i n  good 
shape. However, continued support i n  the way o f  rockets and r a d i a t i o n  
standards i s  necessary t o  reconci l e  sate l  1 i t e  di f ferences. 
The rad ia t i on  budget i s  another c l imate parameter which i s  being measured 
by current  s a t e l l i t e s  (Nimbus 7, GOES, TIROS). Radiat ion budget and 
c l imate data from these sources are shown i n  f i gu res  3-2 through 3-6. 
Regions w i t h  la rge  dispersions i n  r a d i a t i o n  budget measurements are 
regions where s i g n i f i c a n t  c l imate events can occur. In other  words, events 
i n  the atmosphere-ocean system which cause s ign i f i can t  changes i n  the  
rad ia t i on  budget are most l i k e l y  t o  recur where they have been seen before. 
Cl imate model i ng  and p red i c t  ion schemes must simulate these regions of 
high v a r i a b i l i t y  b e t t e r  than the regions o f  low v a r i z b i l i t y .  
I n  f igures  3-4 and 3-5 the variance o f  each se t  o f  monthly observations 
about the monthly mean was calculated and then the  12 month average disper- 
sion was determined (Eq. 1). 
Dispersion = 
Xt - nth observation of the mth month 
-m 
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Figure 3-2. Global Heat Balance 
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Figure 3-3. Northward Transport o f  Heat Due t o  Oceanic Motions (To) 
Computed as a R f ~ i d u a l  Term i n  the Earths Heat Balance. 
Uni ts  are i n  10 watt. 
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Figure 3-6. Earth Albedo, Averaged Over 10 Days i n  November 1978, 
f r u n  Geostationary Sate1 1 i t e  
The normal i zed  maps were used t o  remove i n t e r - s a t e l l  i t e  d i f fe rences .  
S t r i c t l y  speaking t h i s  d ispers ion  i s  the  standard dev ia t i on  c f  any par- 
t i c u l a r  month from the  montkly mear.. The small sample size, about 4 
observat ions f o r  a;:. month, makes t h i s  r a t h e r  irnpreci se. The d ispers ion  r ~ f  
r 2 f l e c t e d  ex i tance r a t h e r  than albedo i s  presented because i t  prov ides the  
proper energy weight ing.  
One can see i n  the  ma?s t h a t  l a rge  d ispers ions occur a t  the  edges ~f l a rge  
amplitude fea tu res  i n  the mean maps. East an(, west. of the  monsoon t he re  
are reg ions o f  h igh  v a r i a b i l i t y  i n  both the r e f l e c t 2 d  and emi t ted r a d i ? -  
t i o n .  ;his i s  probably produced by d i f f e r e n t  s ized monsoons. The c e n t r a l  
reg ian  i s  p e r s i s t e n t  i r?  a l l  samples bu t  the  f r i nges  change f rom year t o  
year. The l a rges t  v a r i a t i o r , ~  occur i n  r e f l e c t e d  an3 emi t ted r a d i a t i o n  over 
South America and wesc ~f South America, bu t  there are on l y  weak ma~irna i n  
the ne t  r a d i a t i c n  d ispers ion.  These year t o  y6;r d i f fe rences  ;how the  
negat ive co r re  l a t i o n  between emi t ted and r e f l e c t e d  components, r ec i p roc -  
i t y ,  and dampin1 out of the  v a r i a t i o n  cf  t he  ne t  r ad ia t i on .  The b iqqes t  
a ispers ion  o f  the  ne t  r a d i a t i o n  occurs over t he  1  arge con t i nen ta l  deserts,  
the ?ahara, 5 .  Afi-ica and Aus t ra l ia .  There the  r e c i p r o c i t y  does no t  
reduce the  ne t  variance. The l a rge  d ispers ion  i n  both t he  r e f l e c t e n  and 
emi t ted r a d i  a i i o n  complement each other  amp'l i f y i n g  t h e  r e t  year t o  year 
changes. The l a r g e  d ispers ion  i n  the  North and Centra l  P a c i f i c  appear 
p r ima r i  l y  because o f  chdnges i n  the  r e f l e c t e d  component. 
Th is  d ispers ion  can a lso be ca l cu l a ted  f o r  t he  v a r i a t i o n  o f  the  zonal 
means. F igure  3-4 shows the  t ime var ih t . ion o f  the  ne t  r a d i a t i o n .  One sees 
t h a t  t he  sp r ing  shows t h?  l a r g e s t  v a r i a t i o n .  
These d ispers ions can a lso be i n t e rp re ted  as a  measure o f  the  unce r t a i n t y  
of the  monthly mean. The s ta rdard  e r r o r  o f  the  mean i s  about one h a l f  
( f o u r  measurements of each month) of the  d ispers ions.  The r e a l  u ~ l c e r t a i n t y  
i s  l a r g e r  than t h i s  though, because of systemat ic e r ro rs .  
Claud cl imatology i s  a new p ro jec t  bu t  usefu l  cloud data ex is t ,  no t  o ~ l l y  
from current  s a t e l l i t e s ,  but  from others no longer operating. Data are 
also being gathered around the world i n  a global cooperative pro ject .  A 
cloud c l  imatology p ro jec t  must answer the questions: How many clouds are on 
our planet? Nhat i s  t h e i r  height  d i s t r i b u t i o n ?  And what i s  t h e i r  
v a r i a b i l i t y ?  The ava i lab le  cloud data need t o  he coordinated and an 
algori thm designed t o  ex t rac t  the  necessary c l imate products. 
We are t r y i n g  t o  measure p rec ip i t a t i on ,  but  a1 though some progress has been 
made, many problems remain. Questions s t i l l  t o  be answered are p rec ip i t a -  
t i o n  frequency, i n t s n s i t y  and amount. This c l imate i n f o m a t i a n  i s  ex- 
tremely important t o  the wheat and corn be l t ,  i.e. t o  world food produc- 
t ion .  
The use of s a t e l l i t e  data, whi le  necessary t o  maintain consistent global 
observations, requires i n - s i t u  measurements, best gathered by data co l -  
l e c t i o n  and l oca t i on  platforms. These p:atforms, now i n  use and making 
data avai lable, need t o  be incorpwated more thoroughly i n t o  a COS. A 
wider d i s t r i b u t i o n  o f  DCLP's be t te r  coordinated w i th  both geosynchronous 
and low ear th o r b i t i n g  sate1 1 i t e s  w i  11 provide the  composite system neces- 
sary fo r  worldwide, consistent c l imate data. 
The conclusions o f  the three speakers on general c l imate observational 
needs are as fol lows. A composite system o f  a t  l eas t  three types o f  
observation platforms (GEOS, LEOS, and DCLPS) i s  necessary t o  support 
global meteorological aild hydrological observations. Extensive data on 
several c l imate parameters already e x i s t  bu t  need t o  be focused. Un i fy ing  
data processing and archiv ing procedures w i  11 help t o  accmpl  i s h  th i s .  
F ina l l y ,  although many experiments and operat ional instruments now e x i s t  
t ha t  are prov id ing useful  c l  imate data, more research instruments should 
be planned f o r  f u tu re  operat ional sate1 1 i t e s .  
TOPICAL PRESENTATIONS 
Following the general speakers, several persons were invited to discuss 
specific topics in their areas of expertise. The topical presentations 
began with Dr. Salomonson of GSFC, on "Land, Hydrology, and Vegetation." 
Dr. Schmugge, also of GSFC, spoke later on 'Soi 1 Moisture." Because these 
two subjects are related, the two presentations together were sumnarized 
by Dr. Atlas. 
Land Surface and Hydrological Processes 
Land surfacs properties and hydrology clearly have visibly demonstrable 
effects on local weather and climate [e.g. lake and sea breezes, urban heat 
islands, val ley winds, etc. ) . Recent sate1 1 i te observations and mesoscale 
mode1 s have a1 so demonstrated the importance of different i a1 heating and 
soil moisture on the establishment of mesoscale iirculations and moisture 
convergence and the initiation and evol~~tion of clouds and convective 
storms. Indeed in subtropical regions where large scale forcing is weak, 
the daily weather repeats itself day after day and thus comprises 
"climate". Under many cirsumstances these effects can be demonstrated to 
occur over regional scales as large as 1000 km. 
But the effects of land surface properties have equally important if less 
dramatic effects on larger scale weather and climate. Over the land, the 
atmosphere derives most of its heat and mcisture from convective and radia- 
tive transports from the surface. Moreover, the vertical exchange of hori- 
zontal momentum depends critically upon the thermal stability and wind 
shear in the Boundary layer, as is clearly evidenced by the intensification 
of winds and turbulence in the late morning hours and their decay in the 
evening. It is fo- ihese reasons that global circulation modellers have 
for some years given increasingly serious attention to realistic simu- 
lations of the evolution of the boundary layer and its parameterization in 
GCM models. It is also argued that because stored soi 1 moisture, either 
from run-off or prior precipitation, has a long-time constant, it acts as a 
i 
"memory" which can i n f l uence  c l ima te  f o r  weeks t o  months, almost c e r t a i n l y  
on reg iona l  and l a r g e r  scales. Th is  i s  due t o  t h e  combined e f f e c t  o f  t h e  
mois ture on t h e  thermal i n e r t i a  o f  t he  surface, and thus on i t s  a b i l i t y  t o  
r a d i a t e  and convect heat and t o  supply mois ture t o  t h e  atmosphere. 
Indeed, numerical GCM experiments performed by Charney and o thers  have 
demonstrated t h e  dramatic e f f e c t s  t h a t  increases i n  surface albedo and 
decreases i n  so i  1 mois ture and evaporat ion have on decreasing reg iona l  
p r e c i p i t a t i o n .  Th is  l e d  t o  t h e  hypothesis of a bio-geophysical  climate 
cyc le  i n  which overgrazing by c a t t l e  i n  semi-ar id  lands reduces vegetat ion 
and decreases s o i l  moisture, thereby inc reas ing  albedo and reduc ing pre- 
c i p i t a t i o n .  Th i s  i s  a p l a u s i b l e  mechanism t o  exp la i n  t he  extended drought 
i n  t he  Sahel between 1967 and 1972 and i s  supported b y  sate1 1 i t e  observa- 
t i o n s  o f  changing albedo both t h e r e  and elsewhere; f o r  example, across t h e  
p o l i t i c a l  boundary between t h e  Negev and S ina i  deserts.  C lear l y ,  these 
combined processes c o n s t i t u t e  a r a t i o n a l  hypothesis f o r  d e s e r t i f  i ca t i on ,  a 
problem which i s  t ak i ng  on inc reas ing  importance throughout t h e  world. 
Whether o r  no t  we can understand t h e  i n t e r a c t i o n s  between t he  under l y ing  
land sur face and t h e  cl imate,  i t  i s  of course c l e a r  t h a t  t he  v i g c r  and 
ex ten t  o f  vegetat ion and crop product ion represents  an important,  sensi-  
t i v e  i n t e g r a l  index o f  r eg iona l  c l ima te  which i s  a lso  o f  great  s o c i a l  and 
economic importance. I t  i s  i n  t h i s  regard among o thers  t h a t  vegetat ion 
comprises a c r i t i c a l  c l  imate observat iona l  parameter. On t h e  long c l  imate 
t ime scales, an inven to ry  o f  reg iona l  and g loba l  biomass i s  v i t a l  t o  t h e  
assessment o f  t he  C02 budget and t o  p red i c t i o l i s  o f  long term c l i m a t i c  
change. 
The importance o f  t he  hydro log ic  c y c l s  i n  c l ima te  modeling der i ves  f rom i t s  
con t ro l  o f  the  d i s p o s i t i o n  o f  t he  sun1 i g h t  ( o r  s o l a r  r a d i a t i o n  RS) reaching 
t he  e a r t h ' s  sur face and i t s  p a r t i t i o n i n g  i n t c  t h e  heat f l u x  i n  t he  s o i l  H, 
evaporat ion LE, sens ib le  heat ing o f  the  atmosphere S, and thermal r ad ia -  
t i o n  t e n s  f rom the  sur face RLM. 
As shown elsewhere i n  t h i s  document and i n  recen t  l i t e r a t u r e ,  t h e  f e a s i -  
b i l i t y  o f  es t imat ing  t he  s o l a r  energy reaching t h e  e a r t h  sur face f rom space 
p l a t f o rm  observat ions i s  q u i t e  promi sing; t h i s  i s  most f o r t u i ~ a t e  s ince  
t h i s  i s  e a s i l y  t he  l a r g e s t  term i n  t h e  l o c a l  sur face heat budget. 
I f  one i n t eg ra tes  t h e  heat  f l o w  i n t o  and o u t  o f  t h e  s o i l  over an extended 
pe r i od  t he  r e s u l t  i s  near zero, except f o r  seasonal effects. I t  i s  t r u e  
t h a t  t h e  thermal conduc t i v i t y ,  thermal d i f f u s i v i t y  and heat  capac i t y  of a 
t y p i c a l  s o i l  a re  s t r ong l y  a f f ec ted  by i t s  water content.  Even so t h e  ne t  
f low o f  heat i n t o  t h e  s o i l  over an extended pe r i od  i s  again, except f o r  
seasonal e f fec ts ,  smal l  so H i s  neglected. 
While RS and RLW can be est imated q u i t e  we1 1 f rom space observat ions and 
t h e  s o i l  heat term can be se t  t o  near-zero f o r  extended per iods (day o r  
days), t h e  sens ib le  hea t ( s )  and l a t e n t  heat terms remaiq. I n  micro-meteor- 
L E o l og i ca l  s tud ies t he  Bohen r a t i o  B = i s  usua l l y  obtained by  c a r e f u l  
measurement o f  the  v e r t i c a l  m ix ing  r a t i o  and temperature g rad ien ts  i n  t h e  
constant f l u x  layer .  There i s  no way t o  ob ta in  the  Bowen r a t i o  f rom space 
d i r e c t l y .  
Worse yet ,  t he  Bowen r a t i o  i s  temperature s e n s i t i v e  because t h e  r a t e  of 
increase o f  t he  vapor pressure w i t h  temperature increases sharp ly  w i t h  
temperatur?. The s o i l  mois ture no t  on l y  represents the  source of water 
substance, bu t  i t s  heat capaci ty,  conduc t i v i t y ,  and thermal d i f  f u s i v i  t y  
s t r ong l y  a f f ec t  the  d i u rna l  temperature rang?, which i n  t u r n  s t e a d i l y  
a f fec ts  t he  Bowen r a t i o  i n  a complex non- l inear  way depending on t he  
sur face wind. 
Remote Sensing of Hydro1 ogical Parameters. In addition to surf ace a1 bedo, 
the parameters which need to be observed and/or deduced are land cover 
(including surface water, snow and ice) vegetation, bare soil, rock 
classes, and their thermal inertia. Except for thermal inertia, deter- 
mination of all these from space is clearly possible as has been shown by 
Landsat. Landsat has also made it possible to distinguish among several 
classes of vegetation (e.g. grassland, crop1 and, forest, and irrigated and 
non-irrigated fields) . 
While Landsat has a surface resolution of approximately 80m, recent 
experiments at NASA GSFC have shown that much, if not most, of the useful 
information is retained when the Landsat images are degraded to the 1 km 
resolution of TIROS-N, although 500m resolution w o ~ l d  be preferable (See 
Figure 3-7 and 3-8). The loss in resolution is more than compensated by 
the more manageable data rate and appears to be quite adequate for climate 
studies. Unfortunately, the AVHRR data on TIROS-N, which is most appro- 
priate for these measurements, is recorded on-board at a reduced resolu- 
tion of 4 km due to limitations of the on-board processor and comnu- 
nications module. In the near term, the use of microprocersors on-board to 
process statistics of the high resolution data and to ratio various cban- 
nels, would appear to provide a means of overcoming this restriction. In 
the longer ten, i tlcreased comnunications bandwidth would be highly desir- 
able. 
The present AVHRR-2 has channels at 0.62, 0.90, 3.74, 10.8, and 12.0 v m. 
Ground based studies show the fol lowing additional informat ion would be 
avai 1 able from other channels: 
(1) Plant water stress: from the reflectivity in the 1.55 - 1.75 
p m band. (Note: the ratio of the radiance in this channel to 
that at 0.74 vm would also provide a capability to distinguish ice 
from water clouds). It is also worth noting that plant water 
ORIGINAL ?Ad€ 
COLOR PHOTOGRAPH 
Figure  3-7. A Color Composite Image (0.5-0.6, 0.6-0.7 , 
0.8-1.1 lJm) f o r  14 June 1978 over t h e  
Denver, CO Area 
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F igu re  3-8. Landsat Data Degraded t o  1.1 km Resolut ion t o  Simulate 
TIROS-N AVHRR Spa t i a l  Resolut ion.  The bands combined 
t o  form the  c o l o r  composite are t h e  0.5-0.6, 0.6-0.7, 
0.8-1.1 um data. 
stress may t u r n  out t o  be an excel lent  proxy f o r  r o o t  zone s o i l  
moisture, which 'is no t  measurable by other means. 
(2) Greenleaf area index: Ground studies show t h a t  the  f rac -  
t i o n a l  area covered by green leaves i n  the  f i e l d  o f  view i s  
d i r e c t l y  proport ional  t o  the  r a t i o  o f  radiances i n  the  1.1 t o  0.8 
MI bands. 
It should be noted t h a t  the  observation o f  land surface propert ies and 
vegetation need not  be made as f requent ly  as the atmospheric measurements; 
except fo; p lan t  water stress, these observations can be made a t  5 t o  7 day 
intervals.  O f  course, we must also determine how t o  average and/or sum- 
marize these data and use them parametr ica l ly  on model g r i d  scales of the 
order o f  100 x 100 km. 
So i l  Moisture. There,are a va r ie t y  of candidate methods t o  measure and/or 
in fer  near surface s o i l  moisture from space. These include (1) the  use o f  
the  d iurnal  amplitude o f  the 11 pm I R  radiance (once the  thermal i n e r t i a  
o f  the dry s o i l  i s  known); (2 )  radar back-scatter cross-section re la ted  t o  
s o i l  moisture; and (3)  t he  microwave brightness a t  20 cm wavelengths, which 
i n c r ~ a s e s  monotonically w i th  decreasing s o i l  moisture i n  the  upper 2 t o  5 
cm o f  s o i l  due t o  the  decreasing d i e l e c t r i c  constant o f  the water-soi l  
mixture. 
A l l  these methods su f fe r  from a va r ie t y  o f  l im i ta t i ons .  Method 1 (IR 
d iurnal  swing) i s  af fected by the  rad ia t i on  (clouds, atmospheric o r  water 
vapor), and sensible and l a t e n t  heat exchanges w i th  the  atmosphere, which 
i n  tu rn  vary w i th  atmospheric s t a b i l i t y  and atmospheric moisture and 
ef fect ive v e n t i l a t i o n  by the  wind. Method 2 (radar) var ies w i th  surface 
roughness, or ientat ion,  and vegetation. Method 3 (20 cm radiometvy) also 
varies w i th  sur f  ace roughness and or ientat ion,  and wi th  vegetation, bu t  i s  
less sens i t i ve  t o  these fac'ws than the  radar. Nevertheless, a l l  fac tors  
considered, the  1 a t t e r  approach appears t o  provide the  greatest promise 
f o r  est imating s o i l  moisture i n  the  upper few centimeters, A t  t h i s  stage, 
it is not expected to provide more than 3 or 4 classes of soil moisture. 
However, this is be1 ieved to be useful for climate monitoring and model ing. 
Regardless of the remote sensing approach, a11 such measurements should be 
accompanied by the use of in-situ sensors to provide calibration "tie 
points" at a network of ground stations, and allow the space borne sensor 
to interpolate between them. Also, maasurements of soil moisture should be 
used in conjunction with physical models to account for the vertical and 
horizontal transports. 
Thermal Inertia and Soil Moisture. These two parameters are discussed 
together because soi 1 moisture has a very strong effect on thermal inertia. 
The NASA Heat Capacity Mapping Mission (HCMM) was aimed at the mapping of 
geological features through their thermal inertia as measured by the 
diurnal swing of the IR temperature from successive passes at 1300 and 0200 
local time. Some promising results are being obtained, but the measure- 
ments are complicated by transports of sensible and latent neat from ground 
to air and variable radiative and wind conditions between successive 
measurements spaced 13 hours apart. There have been several recent 
European papers which have described methods for extracting soil moisture 
and evapotranspiration using surface temperature data and a model for the 
soil water and heat fluxes. These approaches provide a basis for 
parameterizing the acquisition of evapotranspiration from surface tempera- 
ture data. 
For purposes of both mesoscal e boundary 1 ayer forcing and cl imate, how- 
ever, one does not require the 500 meter resolution of HCMM. Rather it 
seems entirely feasible to use the method of Vieillefosse and Favard 
(l'CITHARE" Thermal InertSa and Humidity Cartography over Africa by Geo- 
stationary Sate1 1 i te, XXIX Congress of the International Aeronautical 
Federation, October 1978). There they use the entire sequence of 24 1/2 
hour interval observations of v;sible and IR radiances during the day. The 
visible data is used as a measure of the incoming solar radiation and 
surface heating, inc lud ing  effects o f  sloped surfaces, clouds, etc. The 
thermal i n e r t i a  i s  then deduced e i t h e r  from the  t ime lag  between maximum 
heating and the peak outgoing I R  r a d i a t i o n  o r  the t ime de r i va t i ve  of the I R  
temperature a f t e r  sunrise. Once the  thermal i n e r t i a  i s  known for  t he  
p a r t i c u l a r  l oca t i on  ( o r  measured through the seasonal cyc le f o r  vegetated 
areas), the  changes i n  thermal i n e r t i a  are re la ted  t o  s o i l  moisture. The 
method holds considerable promise and i s  r e a d i l y  implemented w i t h  e x i s t i n g  
geosynchronous sa te l  1 i tes. Indeed, t h i s  i s  the  on ly  technique which can 
now be appl ied w i th  e x i s t i n g  geosynchronous s a t e l l i t e s  and deserves h igh 
p r i o r i t y .  
I n  the mid-term, f u r t h e r  experimental a i r c r a f t  t r i a l s  o f  the 20 cm micro- 
wave radiometer and 5 t o  6 cm radar warrant at tent ion.  The combined use of 
the radar and radiometer o f f e r s  the  possib i  1 i t y  o f  improved measurements 
because the  radar can account i n  p a r t  f o r  surface roughness. O f  course, 
the simultaneous use o f  v i s i b l e  and I R  i s  useful  f o r  intercomparison, and 
f o r  l a t e r  use i n  space, f o r  space-time in te rpo la t i on  between the  o r b i t i n g  
microwave measurements. It goes without saying t h a t  one o r  more ground 
t r u t h  measurement systems should be used both f o r  c a l i b r a t i o n  o f  the  space 
systems and maintenance o f  long term s tab i  1 i t y  o f  the measurements. 
I n  the long term, the use o f  20 cm radiometry from an o r b i t i n g  s a t e l l i t e  
w i l l  requ i re  an antenna o f  10 t o  15 m diameter thus y i e l d i n g  f o o t p r i n t  
diameters o f  order 10 t o  15 km which would be useful  f o r  ag r i cu l t u ra l ,  
hydrological,  and c l i r n ~ t o l o g i c a l  purposes. This would appear t o  be j u s t i -  
f i a b l e  by the  range o f  po ten t i a l  appl icat ions j u s t  mentioned, and more 
r e a d i l y  implemented if, f o r  example, i t  were decided t o  use a la rge  aper- 
t u r e  antenna a t  shorter microwaves f o r  ac t i ve  radar measurements o f  p rec i -  
p i t a t i o n  and/or other purposes such as sea surface wave condi t ions and wind 
stress. 
F ina l l y ,  i t  should be noted t h a t  s o i l  moisture measurements by the 20 cm 
(o r  longer) wavelengths may be used as a proxy f o r  antecedent p r e c i p i t a t i o n  
overland, as has been shown by Schmugge w i th  measurements from Skylab. 
Lacking 8 p r e c i p i t a t i o n  measurement radar, and recognizing t h a t  shor ter  
wavelength radiometers suf fer  from h i g h l y  var iable background surface 
emiss iv i ty  and temperature; 20 cm wavelength measurements may be the  on l y  
other  r e a l i s t i c  means of est imating p r e c i p i t a t i o n  over iand. I n  t h i s  
regard, the concern about IR :emperature measurement i s  t h a t  i t  i s  respon- 
s i ve  t o  the moisture i n  the uppermost few mi l l imeters  and may be ser ious ly  
af fected by dew. However, the  use o f  the  thermal i n e r t i a  method, i nvo l v ing  
t ime integrated measurements over an hour o r  more, overcomes t h i s  1 i m i  t- 
at ion. (The measurement o f  p r e c i p i t a t i o n  from space i s  discussed i n  
another section. ) 
Evapotranspiration. Evapotranspirat ion i s  a d i f f i c u l t  quant i ty  t o  measure 
d i r e c t l y  and cannot present ly  be  measured a t  a1 1 from a remote platform. 
However, there are several possib le ways t o  i n f e r  i t  from other  measure- 
ments. The thermal i n e r t  i a-soi 1 moisture approach described above would 
appear t o  provide a possible so lu t i on  since the t ime de r i va t i ve  and d a i l y  
swing o f  IR temperature i s  af fected by evaporation and, as mentioned 
ea r l i e r ,  has been used t o  ob ta in  evapotranspirat ion when combined w i t h  a 
model. However, i t  would appear necessary t o  have an independent measure 
o f  s o i l  moisture, as i s  possib le w i th  20 cm radiometry, i n  order t o  
separate out the  evaporation term. 
Over vegetated areas, measurements o f  p l a n t  water s t ress  (described above) 
would provide add i t iona l  information. F ina l l y ,  i t  may be estimated as a 
res idua l  from the surface hydrological budget. 
As noted above, the microwave techniques sense s o i l  moisture on ly  i n  the 
upper centimeters; thus the a l l  important r o o t  zone i s  missed. However, 
t h i s  upper layer  i s  the most dynamic and d i f f i c u l t  t o  model and the micro- 
wave observations w i  11 prov ide t h i s  important boundary cond i t ion  i n  the 
model s. 
Brent showed, long ago, t h a t  t he  minimum surface temperature (more accur- 
ately,  the s o i l  coo l ing  r a t i o  due t o  long wave r a d i a t i o n  loss  from the  
surface) kas a func t i on  o f  so i  1 propert ies, inc lud ing  s o i l  moi sture. This  
technique has been shown by Diak and others t o  g ive excel l e n t  estimates of 
s o i l  moisture i n  f a l l o w  so i l ,  under clear,  near calm, condit ions. The 
n i g h t  t ime cool ing r a t e  (and the  r e l a t i v e  heat loss)  can both be observed 
from a geostationary sate1 1 i te. 
The s i t u a t i o n  over vegetated land i s  much more complicated. The canopy 
tends t o  thermal ly decouple the  r a d i a t i n g  surface from the  s o i l  heat s ink 
(o r  source) whi le  a t  t he  same t ime vas t l y  increasing .bs  coupl ing f c r  
moisture. Indeed, i n  vegetat ion the  surface acts almost l i k e  a shallow 
sea. But stressed vegetation is ,  and canopy temperature can be, valuable 
parameters. 
When p lan ts  are exposed t o  a heavy heat load, whether by v e n t i l a t i o n  o r  
rad ia t ion ,  t h e i r  stomata tend t o  close and through b io log i ca l  contro l ,  
a f fec t  the Bowen r a t i o .  Despite these complications, a heat budget 
approach f o r  fa1  low land o r  heav i ly  vegetated land w i l l  probably y i e l d  t o  
an empir ical  apy,-cach if s u f f i c i e n t l y  l i m i t e d  as t o  s o i l  type, slopes, etc. 
A much more complicated problem ar ises over marginal lands where one has 
f a l l o w  land and vegetation, usua l ly  under stress. I n  these areas long 
wavelength microwave systems which can penetl-ate the  small amounts o f  
vegetation present can y i e l d  important sur f  ace so i  1 moisture data. There 
i s  now some evidence t h a t  the  degree o f  s t ress can be estimated using 
observations from the so-cal led chlorophyl l  band o f  the  near i n f ra red  
spectrum, Addi t ional  t e s t s  of t h i s  nature should be encouraged as t h i s  
approich appears t o  be the most promising area f o r  obta in ing estimates o f  
stress, evaporation and sensible heat a t  the  surface. 
Hopefully, the  look from space w i t h  i t s  hor izonta l  averaging, may help 
s i m p l i f y  the problem. 
The hydrological working group recommends t h a t  t h i s  and other  e f f o r t s  
along these 1 ines be encouraged. A t  t h i s  t ime some measurement o f  s o i l  
moisture under lush o r  sparse vegetation does seem possible. A composite 
approach t o  t h i s  complex observation Zs necessary. Table 3-1 l i s t s  some of 
the composite observations t h a t  w i l l  be requi;ed i n  t h i s  empir ical  
approach and how they may be obtained from spacecraft. 
Table 3.1. Required Observations and Possible Mezscrement Systems 
Parameter 
A1 bedo 
Possible Measurement System 
Broad-band t f i s i  b l e  and near I R  channels, 
e.g. HCMM. 
Land Cover and Biomaes 
Estimates 
Surf ace Temperature 
Landsat. TIROS-N v i s i b l e  and near I R  
channels. 
i Inc ident  Solar Radiat ion 
Thermal I n e r t  i a 
Repet i t i ve  cloud images from geosynchronous 
sate1 1 i tes. 
Thermdl I R  from low ear th o r b i t  o r  geo- 
synchronous sate1 1 i tes. 
I From d iurna l  o r  sequenti a1 surface 
I temperature observations. I Surface So i l  Moisture ( Act ive o r  passive microwave systems o f  
I the  future.  I 
These remote sensor observations should be augmented a t  c a l i b r a t i o n  po in ts  
w i th  i n - s i  t u  measurements o f  important parameters, f o r  exampie, a i r  temp- 
erature, wind speed, and vapor pressure. I n  between the  t i e  po in ts  e s t i -  
mates of the surface a i r  temperature and wind f i e l d s  may be obtained 
i n t e r a c t i v e l y  w i t h  ths.. GCMc s. 
Top!cal presentations on the subjec: of oceans were made by Dr .  Bretherton 
of NCAR, and D r .  Muel ler o f  GSFC, beginning w i t h  Dr .  Bretherton, on an 
ocean c i  imate monitor ing system. 
To a greater extent than i s  comnonly real ized, the cl imates cf the  cceans 
determine the c l  ,iates o f  the Earth. Solar energy i s  absorbed and stored 
i n  regions dur ing periods o f  the year, and l a t e r  released, sometimes a f t e r  
t ransportat  i on  t o  other  areas. Thi s process tagr 2s changes i n  regional  
weather and cl imate. Therefore a system t o  v a s u r e  and keep watch on 
c l im is t i ca i l y  important aspects o f  the ocean i s  an important p a r t  o f  a 
c l  imate observing system. 
Objectives for  a system t o  monitor the ocean c l imate are t e n t a t i v e l y  sepa- 
ra ted  i n t o  short, intermediate and long range goals of, f i r s t ,  beginning a 
t ime series o f  selected near-surface indices such as sea level ;  fo l lowed by 
observing the  heat budget o f   he upper layers 011 a regional  basis; then 
beginning a t ime ser ies o f  selected deep indices, and f ina: ly ,  plannip; 'co 
continue observations over many years. 
The st rategy t o  meet these object ives i s  t o  begin r e g i o t : ~ l  research pro- 
grams concentrat ing on selected ocean areas which appear t o  be having the 
greatest effects on the Earth cl imate. While ~ x p l c i t i n g  e x i s t i n g  observ- 
a t ion  systems, new measl~rement systems should be developed, especi a1 l y  t o  
monitor deep indices. Pr .  Bretherton went un t o  discuss the measurement 
status of several c l  imat ica l  l y  important ocean pararr,eters, as 1 i sted i n  
tab le  3-2. 
Fol lowing Dr. Bretherton, a review was given o f  the status of the National 
3ceanic Spacecraft System (NOSS) by Dr .  Muel l e r ,  the  NOSS Pro jec t  Scien- 
t i s t .  NOSS i s  a j o i n t  program of NAsA, NOAA, 2nd DOD and i s  udministered 
by a tr i -agency comnittee. I t  has a scheduled 5-year mission based upon 
the use o f  two spacecraft. Each spacecraft w i l l  be 3-axis stabi: iz9b and 
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i n  sun-synchronous o r b i t ,  using the  Global Posi t ioning System f o r  loca- 
t ion .  They w i l l  be launched by the  Space Shutt!r and use the  Tracking and 
Data R e l ~ y  Sate1 1 i t e  System (TDRSS) f o r  data transmission. 
The ob jec t ive  o f  NOSS i s  t o  provide l i m i t e d  operational c a p a b i l i t y  t o  
obta in measl~rements o f  global sea surface parameters based on remote 
sensing from space. The system w i  11 be operational, generating products 
from four  instruments w i t h i n  80 minutes of acquisi t ion, and w i l l  inc lude a 
25% research capabi 1 i ty. The present NOSS sensors include a scattero- 
meter, a radar al t imeter,  a Coastal Zone Color Scanner (CZCS), and a Large 
Antenna Mu1 t i f r e q u t i c y  Microwave Radiometer (LAMMR) . The only planned 
major development e f f o r t  would be the  LAMMR 4-meter antenna. Some modifi- 
cat ions t o  t h i s  l i s t  are proposed by NASA t o  support the ICEX program. 
Data from these instruments are d i s t r i b u t e d  t o  users as l eve l  I T  products; 
data from any research instruments are passed through as l eve l  0 products. 
The two NOSS operational users, the U.S. Navy and NOAA, operate user 
processing centers. Other users must obta in data from one o f  these 
centers. This s i t u a t i o n  emphasizes the  necessity o f  a research processing 
and analysis f aci  1 i ty. 
The NOSS conf igurat ion has not y e t  been determined i n  d e t a i l  since the  
system i s  being procured by the A-109 procedb An A-109 procurement 
spec i f ies  only funct ional  requirements, g iv ing  'ders freedom t o  design 
the best system f o r  accomplishing the  desired functions.. The schedule f o r  
NOSS has a 1986 launch target.  A key po in t  noted was t h a t  the  algori thm 
scope w i l l  be frozen i n  October 1980. Further information regarding the  
NOSS program structure, data flow, instrument complement and schedule may 
be found i n  NOSS Project  1 i te ra ture .  
C ryospher i~  Climate Monitor ing 
Dr .  Zwally o f  GSFC reported on cryospheric cl imate monitoring, spec i f i c -  
a l l y  the I c e  and Climate Experiment (ICEX). ICEX i s  a program o f  coordi- 
nated invest igat ions o f  t he  i c e  ?nd snow masses o f  the  Earth. P r inc ipa l  
s c i e n t i f i c  questions involve the ro les  of sea ice, i ce  sheets, and snow i n  
climate processes. The sea i ce  extent i s  a sensi t ive indicator  of regional 
and global climate, whereas the open water w i th in  the sea i ce  pack i s  the 
pr inc ipa l  fac tor  i n  cryospheric surface energy balance. These are 
observable from space, but greater i c e  concentration accuracy w i l l  be 
needed from the NOSS LAMMR. The s t a b i l i t y  o f  the major i ce  sheets and 
t h e i r  dynamic mass balance i s  important both t o  climate consideration and 
t o  assess and detect the e f fec ts  o f  potent ia l  C02 warming. 
As a research project, the near-term goal o f  ICEX i s  t o  develop i c e  climate 
data sets using the Nimbus-5,6, and 7, Seasat, GOES-3, and Landsat. The 
data from these sa te l l i t es  should be processed, analyzed and made avai l -  
able t o  the s c i e n t i f i c  comnuni ty. An important mid-range goal i s  the aug- 
mentation o f  NOSS f o r  ICEX. I n  part icular ,  a laser alt imeterlranger, an 
adaptive radar altimeter, and a LAMMR wi th  a 91 GHz channel should be 
placed on NOSS. A longer range goal would lead t o  the capabi l i ty  o f  
remotely sensing open water w i th in  i ce  packs w i th  an imaging radar system 
wi th  25m resolution. 
Earth Radiation Budqet 
Dr .  Rao o f  NOAA reported on the current rad ia t ion budget data i n  NOAA 
archives. Earth atmosphere rad ia t ion budget parameters have been derived 
from the operational and experimental sa te l l i t es  f o r  the l a s t  several 
years. The data were derived from various kinds o f  sensors and time 
periods and no long time cont inu i ty  was maintained before 1974. With the 
launching of the NOAA series of polar o rb i t i ng  operational s a t e l l i t e s  i n  
1974, rad ia t ion budget data have been derived rou t ine ly  and archived. Rao 
then discussed the qua l i t y  and l im i ta t ions  of these data. 
The dynamics of the Earth-atmosphere system i s  determined by the energy 
input t o  the system and the distr ibut ion,  transformation and storage i n  
various forms. The rad ia t ion budget measurements fade a t  the top o f  the 
atmosphere r e f l e c t  the above processes. The upward f low o f  energy and the 
reflectance from the Earth-atmosphere system have 1 arge geographic and 
temporal var ia t ions  8i1d the same i s  t r u e  w i th  the  net  rad ia t ion .  I n  fac t ,  
the net rad ia t i on  i s  the d r i v i n g  force f o r  the  atmospheric and oceanic 
c i rcu la t ion .  
From June 1974, the  operat ional NOAA and TIROS-N ser ies o f  s a t e l l i t e s  have 
been provid ing observations t o  der ive the  r a d i a t i o n  budget parameters. 
Gruber (1977) and Winston et.  a l .  (1979) hc.*e given a f u l l  descr ip t ion  
about the  der iva t ion  and discussion of these quant i t ies.  I n  short, t he  
albedo i s  determined from the v i s i b l e  channel o f  the scanning radiometer i n  
a narrow spectral  i n t e r v a l  (0.5 - 0.7 vm) by assuning t h a t  i t  i s  a good 
estimate o f  the f u l l  spectral  ref iectance (0.2 -4.0 dm) and t h a t  t he  
ref lectance i s  i so t rop ic  and independent o f  so lar  and s a t e l l i t e  zeni th 
angles and t h a t  there i s  no d iurnal  va r ia t i on  o f  the r e f l e c t i n g  surface. 
The outgoing longwave f l ux  was computed from the  radiance measurements i n  
the  narrow spectral  window region (10 -12 pm) by using regression models. 
The model considers d i f f e r e n t  model atmospheres (about 100) covering a 
broad range o f  temperature, moisture, and cloud conditions. The dai l y  mean 
outgoing rad ia t i on  i s  estimated by averaging the day and n igh t  observ- 
ations. 
The rad ia t i on  b u d ~ e t  parameters t h a t  are being cu r ren t l y  archived by the  
Environmental Data and Information Service (EDIS) o f  NOAA are shown i n  
tab le  3-3. They are avai lable i n  hard copy form (maps, computer pr intouts,  
etc.) and on magnetic tapes. As pointed out  e a r l i e r ,  the  data were derived 
from v a r i x s  operational s a t e l l i t e s  and have ce r ta in  1 imi tat ions.  The 
out jo ing  longwave r a d i a t i o n  values i n  February 1978, were derived from a 
s a t e l l i t e  which had equatorial  crossing times o f  0930 and 2130 loca l  time; 
i n  February 1979, they had an equator crossing t ime o f  0330 and 1530 loca l  
time; i n  February 1980, they had an equator crossing t ime of 0730 and 1930 
loca l  time. Thus, the three maps correspond t o  three d i f f e r e n t  loca l  
times. 
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An examination of f i g u r e  3-9 shows various important features. For 
example, over the Sahara region, d iu rna l  values greater than 50 lld2 are 
found i n  1979 (0330 and 1530 l oca l  t ime). This  c l e a r l y  demonstrates t h a t  
there i s  a strong d iu rna l  change over the desert  regions when viewed w i t h  a 
0330 - 1530 equator crossing t ime ( l o c a l )  s a t e l l i t e .  
I n  order t o  obta in t r u e  global estimates o f  the earth-atmosphere r a d i a t i o n  
budget it i s  essent ia l  t o  choose s a t e l l i t e s  w i th  d i f f e r e n t  o r b i t s  and times 
t o  provide adequate d iu rna l  sampling. It i s  also essent ia l  t o  take i n t o  
account the anisotropic  character o f  the r e f l e c t i n g  surfaces i n  ca lcu la t -  
i ng  the ref lectances and albedoes i f  accurate measurements are needed. 
An addi t ional  presentat ion on the top i c  o f  ear th r a d i a t i o n  budget data was 
given by D r .  Winston, who spoke on the  uses o f  operat ional r a d i a t i o n  budget 
data i n  c l imate analysis. Several i l l u s t r a t i o n s  o f  analyses o f  the data 
are given. The f i r s t  i l l u s t r a t i o n  ( f i gu re  3-10) shows f i e l d s  o f  outgoing 
longwave rad ia t i on  over the Pac i f i c  region f o r  three Northern hemisphere 
winters (e.g., w in ter  1976 means December 1975 - February 1976). The 
eastward s h i f t  o f  lower values o f  outgoing r a d i a t i o n  (more major c loud i -  
ness) and the r e t r e a t  of the d ry  zone (h igh outgoing rad ia t i on )  over the  
cent ra l  equator ia l  Paci f ic  are s t r i k i n g .  The second i 1 l u s t r a t  i o n  ( f i g u r e  
3-11) shows these events even more graph ica l l y  i n  terms of the year-to-year 
d i f ferences i n  the winter-averaged longwave rad ia t ion .  The t h i r d  i 1 lus-  
t r a t i o n  ( f i g u r e  3-12) shows the t ime var ia t ions  i n  outgoing longwave 
rad ia t i on  a t  two i nd i v idua l  2&O x 2%' g r i d  po in ts  i n  the cent ra l  Pac i f i c .  
Note the general tendency toward lower values i n  longwave r a d i a t i o n  s t a r t -  
i n g  i n  sumner 1976 a t  oO, 180' and by winter  1977 a t  10' S, 1 6 0 ~ ~ .  Also 
note t h a t  these changes i n  r a d i a t i o n  are re la ted  t o  weakening of the t rade 
winds and t o  large-scale pressure di f ferences i n  the Southern Hemisphere 
( i  .e., the S o u t k r n  Osc i l l a t i on ) .  The next i l l u s t r a t i o n  ( f i g u r e  3..13) 
shows how these changes over the P a c i f i c  in f luence the complete zonal ly  
averaged r a d i a t i o n  i n  t r o p i c a l  regions (note the  lower outgoing rad ia t ion ,  
o r  more cloudiness, i n  January 1977 and 1978 as compared w i th  1976). Also, 
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Figure 3-10. Outgoing Longwave Radiation Over the  P a c i f i c  
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O U T G O I X G  L O N G U A V E  R A D I A T I O N  C U U - 2 )  
D I F F E R E N C E  W I N T E R  1977-1976 
O U T G O I N G  L O N G ~ A V E  R A O 1 A T l O N  cum-2)  
D I F F h R E H C E  U I Y T E R  1 9 7 8 - 1 9 7 7  
Figure 3-11. Year-to-Year Differences i n  the Winter-Averaged 
Longwave Rad i~ t ion  
Flgure 3-12. Time Var la t lon  I n  Outgolng Lo3gwave Radlatlon 
A t  Two Indlvldual  Polnts I n  the  Central  P a c i f i c  

note the d i f ferences i n  t o t a l  po ten t i a l  energy, o r  mean troposphc: i c  temp- 
erature, as obtained from NMC amlyses. This  shows higher temperatores 
over the trop;:s i n  1977 and 1978 when cloudiness was greater, implying an 
enhanced Hadley c i r c u l a t i o n  i n  these two years as compared w i t h  1976. 
Ti,% next i l l u s t r a t i o n  ( f i g u r e  3-14) shows the  k lnd  o f  d e t a i l  one can obta in 
w i th  enlarged regional  analyses o f  t h e w  data. i n  particu:ar, t h i s  i l l r l s -  
t r a t e s  the  changes i n  absorbed so:ar r a d i a t  n over North America dnd 
v i c i n i t y  between the summers o f  1976 and 1977. I n  general there  i s  a 
p i c t u r e  o f  general ly  less so la r  r a d i a t i o n  (greater cloudiness) i n  s m r  
1977 over much o f  the United States and Canada, w itt, general l y  more so la r  
r a d i a t i o n  ( less  cloudiness) alonq both east and we j t  coasts (except off 
Cal i f o r n i a )  . 
The f i n a l  i 1 lustratib:. ( f i g u r e  3-15) shows year-to- year d i f ferences i n  
absorbed solar  r a d i a t i o n  ovzr the  eastern P a c i f i c  f o r  a long sequence o f  
seasons. Note t h a t  f o r  four  seasons i n  a row ( i n  t h i s  f i g u r e  v i n t e r  i s  
labeled w i t h  the year o f  each December, e.g,, winter  1975 !s gecember 1975- 
February 1976). there  i s  a preponderance o f  p o s i t i v e  changes I n  absorbed 
solar  rad ia t ion .  I n  the  ensuing three seasons more negat ive changes se t  
in,  much o f  them i n  the regions o f  previous p o s i t i v e  changes. Sirrce most 
o f  these areas o f  changes are i n  regions o f  r e l a t i v e l y  high outgoSng 
rad ia t i on  where changes are small, these di f ferences are mostly represent- 
a t i v e  o f  substant ia l  changes i n  'low cloudiness and s i g n i f y  subztantia' l  
d i f ferences i n  the so la r  rad ia t i on  reaching the x e a n  surface. 
Estimates o f  r a d i a t i o n  budget componests have been made on a red.  -t*.,le 
basis from scanning radiometers on NOAA po la r -o rb i t i ng  sate1 1 i tes  since 
June 1974 (except f o r  a gap from Varch t o  December 1978). Although the 
data have def ic iencies, some o f  which were pointed out by 57'. Rao, they 
represent a breakthrough f o r  quant i  t a t i v e  monitor ing rif :;,,t s in  c I imate 


f luctuat ions,  p a r t i c u l a r l y  over vast areas of the Earth where stick varia- 
t i o n s  could bare ly  be in fe r red  previously. The p r inc ipa l  uses o f  these 
data i n  c l imate analysis are as fol lows: 
a. Real-time 
(I)  Maintenance o f  current  awaret~ess o f  regional f l uc tua t ions  o f  
components o f  r a d i a t i v e  heating (outgoing longwave rad ia t i on  and 
albedo) a l l  over the globe a t  t ime scales o f  a few weeks t o  
several years. Examinatior~ o f  f i e l d s  o f  anomalies o r  year-to- 
year differences are o f  prime importance. 
(2)  S t a t i s t i c a l  long range pred ic t ion  mathods. As r a d i a t i o n  
budget data accumulate, it i s  expected t h a t  they w i l l  be used as 
predictors i n  s t a t i s t i c a l  p red ic t i on  methods f o r  months and 
seasons. This use w i l l  ensure the follow-on o f  substant ia l  
diagnostic and s t a t i s t i c a l  studies. 
b. Diagnostic studies 
(1) Examination of large-scale changes i n  t rop i ca l  and extra- 
t rop i ca !  cloudiness (and p rec ip i ta t i on )  l a rge ly  through varia- 
t i ons  i n  outgoing longwave radiat ion.  Some very large-scale 
i n te r re la t i ons  ( o r  te leconnec t i~ns )  have been revealed by these 
data over several years. 
( 2 )  Studies o f  var ia t ions  i n  absorbed so lar  r a d i a t i o n  over 
various por t ions o f  the globe fo r  ocean, snow-ice regions, and 
land areas. The data have much po ten t ia l  f o r  est imating surface 
rad ia t i ve  heating over large areas o f  the  globe where estimates 
from other observations are not  even possible. 
Key Cl imate Parameters Difficult to Measure 
Identified as key climate parameters were precipitation, soi 1 moisture, 
the octin boundary layer and winds. Each of these parameters is difficult 
to measure by remote sensing; yet consistent, global measurements are 
crucial to climate studies. 
The first parameter to be discussed was precipitation, by Dr. Wilheit of 
GSFC. The most promising method of remotely sensing precipitation is by 
microwave radiometric measurements. However a number of problem areas 
still exist for passive microwave measurements, namely, beam filling, the 
thickness of the rain layer, atmospheric water vapor, the inadequacies of 
radiative transfer model s, error analysis of the microwave method, surface 
measurements, and sampl ing. 
Consequently ma y detai 1s need to be studied for the determination of rain 
over ocean and land. Current measurements give only yes/no indications of 
precipitation over land (3 mn) although scme seasonal results of rain over 
ocean have been obtained from 1-2 cm measurements. 
Dr. Wilheit made several recomnendations regarding the microwave method, 
chief of which was the need for more realistic radiative transfer models. 
Also recomnended was an intensive 2ffort to interpret the DMSP/SSMI and 
expected NOSS/LI\MMR data. A better error analysis ard a more serious look 
at sampling problems are needed. Third, Wilheit recomnended that a 91 GHz 
channel be included on LAMMR. He concluded his presentation with the 
I-eccjlme;~dation for a research mission in the late 60's dedicated to precip- 
i tation. 
Soil moisture was addresszd earlier by Dr. Salomonson and Dr. Schmugge 
under the topic "Land Surface and Hydrological Processc s." 
Aspects of the oceaa boundary layer, such as sea curface tempsrature and 
air-sea interactions, yere discussed by Dr. Przbhakara and Dr Chahine. 
Dr. Prabhakara expressed the  need f o r  improving the measurements involved 
i n  speci fy ing the  air-sea exchange interact ions.  I n  add i t ion  t o  the f r e -  
quent ly discussed sea surface temperature (SST) parameter, these measure- 
ments would include: surface winds, since heat t rans fe r  and evaporation 
ra tes  from the acean are wind dependent; the  height  and v a r i a b i l i t y  of the 
boundary layer, s ince the  a c t i v i t y  o f  the i n te r face  exchange processes i s  
expected t o  be cor re la ted  w i t h  bounc ry layer  height; p rec ip i t ab le  water 
vapor; and the air-sea temperature di f ference, which i s  important for  
determining the sensible and l a t e n t  heat f luxes. He suggested the follow- 
i n g  experimental approaches t o  these parameter determinations: (1)  simul- 
taneous measurements o f  microwave and I R  radiometers t o  he1 p unscramble 
the surface temperature, wind, humidity and p rec ip i t ab le  water vapor; ( 2 )  
information on an AVHRR w i t h  s p l i t  window channels and an 18-20 mn water 
vapor channel fo r  improving SST determinations; (3)  a r e l a t i v e l y  simple 
l i d a r  system f o r  determining the height  of the  boundary layer; and (4)  
improved ground t r u t h  determinations f o r  a l l  parameters. 
D r .  Chahine d i s c u s x d  a proposed new instrument, the Advanced Moisture and 
Temperature Sounder (AMTS: for  determining the  SST. The AMTS u t i l i z e s  a 
number o f  d i f fe ren t  narrow width channels inc luding some i n  the 3.7 micron 
CO, band. 
Because the atmosphere i s  not completely transparent even i n  the  l eas t  
absorbing regions of the t e r r e s t r i 8 1  spectrum, the outgoing spectral  r a d i -  
ance observed from space w i  11 be inf luenced not on ly  by the sea-surface, 
bdt  a lso by the composition and thermal s t ruc ture  o f  the  atmosphere. The 
observed radiance w i l l  be f u r t h e r  modified by the presence o f  hazes and 
clouds and by scattered so la r  rad ia t ion .  It i s  there fore  necessary t o  take 
a1 1 o f  these fac to rs  i n t o  account if accurate and re1 i a b l e  sea-surface 
temperatures are t o  be obtained. 
The accuracy o f  current  and planned inf rared and microwave sea-surf a ~ e  
temperature sounders i s  expected t o  be around 2K. The s p e c i f i c  causes o f  
this error vary from one sounder to the other but they are caused mainly by 
uncertainties about the variability of a number of geophysical parameters 
which modify the emitted sea-surface radiation along its path into space. 
In most cases the effects of instrument noise are relatively small and more 
manageable. 
However, inprovements of the absolute accuracy of sea-surface temperature 
to 1K can be obtained by: 
a. Properly choosing from the 3.7 pm C02 window a set of "super 
window" channels with narrorJ band passes away from major water vapor 
absorpt icn l i nes. 
b. Simultaneous mu1 tispectral observations of the atmosphere and 
sea-surface in order to correct for most of the geophysical processes 
which affect the surface emission. 
c. Development of a "quality controlu algorithm capable of using 
information from the multispectral channels to identify those 
retrieved sea-surf ace temperature which have error-s 1 arger than a 
prescribed value, say 1 or 2K. 
Development of a sounder capable of achieving the above requirements is now 
feasible. Sounding frequencies with narrow band passes are required in 
order to avoid contamination by major water vapor lines and achieve maximum 
frequency separation. The set of channel s needed includes: 
a. Three narrow band pass channels from the 3.7 MI region to account 
for sea-surface emissivity and reflectivity and to retrieve the sea- 
surf ace temperature. 
b .  Three long-wave channels f r m  the 15 P m  C02 baod or preferably the 
60 GHz 0 1 ine in the microwave region to correct for the ef f ~ t s  of 2 
clouds and hazes. 
C. A set of 4.3 urn C02 band channels to dctermine the tenperature 
profile in the lower troposphere and a compatible set from the 15 urn 
C02 band to determine the rest of the tenperature profile. 
d. A set of 6.3 p m  and 11 um water vapor channels to optimize the 
corrections for water vapor effects. 
The advantages of narrow band pass channels go far beyond just offering 
improved spectral purity by reducing channel contamination by water vapor 
1 i nes and other minor atmospheric constituents, and achieving the neces- 
sary frequency separation between channels. Essential ly they provide the 
basic concept for a new integrated atmospheric/surface sounder of the type 
illustrated in table 3-4. 
Specifically by treating the atmospheric correction as an integral part of 
sea-surface sounding, we can achieve an accuracy in T, of about 1K. The 
reverse is also true. In fact, accurate determination of surface tempera- 
ture is essent i a1 for accurate determination of atmospheric temperature 
prof i les, especially near the surface. 
The availability of measurements ob',iined simultaneously in different 
parts of the spectrum will allow us to account for the effects of vari- 
abi 1 i ty in surface emissivi ty, reflectivity and atmospheric thermal, 
radiative and compositional structures. The set of channels of table 3-5 
can provide the necessary criteria for controlling the quality of Ts. 
A design stud,! conducted at JPL and GSFC has shown that such a sounder can 
be developed now. With a field of view of 10 x 10 km this sounder will be 
able to provide global data on a large number of air-sea interaction param- 
eters of the type shown in table 3-5 such as: 
a. Sea-surface temperature with an absolcte accuracy of 1K and a 
relative accuracy of 0.5K. 
b. Air-sea temperature difference with an accuracy of - +1K, 
Tab1 e 3-4. Advanced M o i s t u r e  and  T e m p e r a t u r e  Sounder  
N a r r o w  S p e c t r a l  Bands 
CLO?? F I LTEa I NG* 
CHANNEL I CENTERl I YAYELLNGTH 
NUMBER v ( c m ' )  A ( u m )  
TEMPERP.TURE 
PROF I LE 
UPPER AThOSPHERE 
RESOLUTIPN 
AV (cm- ) MAIN FUNCTION 
OZONE 
H20 WINDOW 
Hz 0 PROFILE 
TEMPERATURE 
PROF I LE 
LOWER ATMOSPHERE 
AIR-SURFACE AT 
SURFACE TEMPERATURE 
'60 GHz . 'REQUENCIES CAN BE SUBSTITUTED FOR CHANNELS 1-3 
L. 
Table 3-5. Summary Assessment of Present Remote Sensing 
Capabi 1 i t i e s  f o r  Air-Sea I n t e r a c t i o n  Studies 
I 1. Sea Surface Tenperature Avai l ab le  2 K (absolute)  Adequate 1 
Parameter 
2. Air-Sea Temperature 
D i f fe rence  Inadequate TBD (+ - 1 K )  TBD* 
3. Atmospheric Temperature 
Pro f  i ? e s  Ava i lab le  2 K Adequate 
4. Humidi ty P r o f i l e s  Ava i lab le  Fac to r  o f  2 TBD 
5. P r e c i p i t a b l e  Water Ava i l ab le  10-50% TBU 
6. R a i n f a l l  Ava i lab le  50% TBD 
1. Cloud Amount Ava i lab le  5-50% Adequate 
8. Cloud Top Height Avai l able 0.5-1 km Adequate 
9. Surface S a l i n i t y  Inadequate 0.5 pp t  TBD 
- 
Data 
10. Wind Speed Ava i lab le  1-3 m/s TED 
Accuracy 
11. h i n d  Vector Adai lab le  0-15 dey TBD 
12. Surface Ocean Currents 
and D r i f t . s  Avai 1  ab le  1 m/s TBD 
13. Sea Level  Height Ava i lab le  20-50 cm TBD 
14. Thermocl i n e  Depth Not Ava i l ab le  TBD TBO 
15. Sea-Level Pressure Not Ava i l ab le  TBD (2-3 mb) 200 km 
A 
*To Be Determined 
Source: "Guide1 ines f o r  Air-Sea I n t e r a c t i o n  Special  Study: An Element o f  
the  NASA C l  imate Research Program," JPL Pub1 i c a t  i o n  80-8, 
Feb. 15, 1980. 
c. Temperature p r o f i l e s  i n  the presence o f  up t o  three layers o f  
broken clouds w i th  an average rms accuracy of 1.5K a t  8 d i s t i n c t  
leve ls  below 100 mb. 
d. Total  p rec ip i t ab le  water vapor w i th  an accuracy of 0.1 t o  0.2 
2 gr/cm and r e l a t i v e  humidity p r o f i l e s  w i t h  an average accuracy o f  20 
percent and up t o  7 d i s t i n c t  leve ls  between the surface and 200 mb. 
e. The surface temperature o f  so l  i d  ear th  w i t h  a11 average absoiute 
accuracy of 1.5K. 
f. The f r a c t i o n a l  cover and height  o f  m u l t i p l e  cloud layers (as seen 
from above) w i t h  an accuracy o f  - +0.05 and 0.25 km respect ive ly .  
g. The loca t ion  of the tropopause t o  w i t h i n  +0.5 km. 
- 
h. Total ozone loading o f  the  atmospher?. 
Upon the conclusion of Chahine's discussion, Dr. M e l f i  reported upon 
proposed techniques fo r  measuring wind5 ( t a b l e  3-6). He began by showing 
the requirements f o r  wind determinations both f o r  an operat ional (F lee t  
Numerical Weather C e ~ t e r )  and a research (GLAS) numerical model. 
Typ i ca l l y  the wind speed accuracies required were on the order o f  1-2 
meterslsecond, whi le  the spa t i a l  scale and sampling frequency var ied 
widely depending upon the data usage, the atmospheric ' r eg ion  and the 
meteorological phf iomena being considered. 
The present s tatus of runote ly  sensed wind measurement techniques was 
reviewed. The micr~wave techniques t y p i c a l l y  i n f e r r e d  the winds from a 
measured oceac surface properly; 1 i da r  techniques u t i  1 ized aerosol back- 
scatter ing, whi l e  the laser  heterodyne radiometel-, the co r re la t i on  spec- 
trometer and the microwave 1 imb sounder were sens i t i ve  t o  the Doppler s h i f t  
o f  molecular emission l i n e s  and the  laser/microwave ac t i ve  element i s  used 
t o  provide a frequency standard fo r    he Doppler s h i f t  measurement. Other 
techniques mentioned included the  c lea r -a i r  radar, which r e l i e d  on 
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r e f r a c t i v e  index var ia t ions  t o  i n f e r  a i r  motion, and the  cloud t rack ing  
technique which i n fe r red  wind speeds from cloud motions, The emphasis o f  
t h i s  t a l k  was on the  coherent i n f ra red  l i d a r  technique, the correlat!on 
spectrometer technique and the  microwave l imb sounder technique. 
Estimates o f  noise-equivalent winds versus a l t i t u d e  were provided. The 
wind e r ro r  estimates o f  both the v i s i b l e  and the i n f ra red  l i d a r  measure- 
ments increase monotonically w i t h  a l t i t ude .  The in f ra red  1 idar  system i s  
estimated t o  provide accuracies of 2 mlsec, or  bet ter ,  a t  a l l  a l t i t udes  
below about 20 km, whi le the v i s i b l e  l i d a r  system provides t h a t  accuracy 
only below about 8 km. The ca r re la t i on  spectrometer systems, shown i n  
f i g u r e  3-16, provide o maximum accuracy o f  about 3mIsec a t  a l t i t udes  of 
about 35 km and about 62 km, w i th  worse accuracies a t  a l t i t udes  off the 
speci f ied a l t i tudes.  The microwave l imb sounder i s  most accurate i n  the  
mesosphere w i th  an accuracy of s l i g h t l y  over 2 m/sec a t  85 km and a 
monotonical l y  increasing er,.or a t  lower a l t i tudes.  Further deta i  1s o f  
baseline parameters fo r  coherent I R  L idar  measurements ( tab le  3-7) and 
accilracies were presented. Fi . lal  ly, a ser ies o f  recommendat ions o f  
research and development emphasis fo r  wind techniques itrcluded: experi-  
mental v e r i f i c a t i o n  of key geophysical and engineeying assumptions 
involved i n  the inf rared 1 i da r  approaches, troposphere wind xasurements, 
the evaluat ion o f  a prototype co r re la t i on  spectroscopy based instrument 
f o r  stratospheric winds; and the evaluat ion of a Spacelab version of a 
microwave 1 imb sounder for  providing mesospheric winds. 
Operational Meteorological -- Sate1 1 i t e s  
Dr .  Y ~ t e s  and Dr .  H i l l e r  from NOAA/National I ,ronmental S a t e l l i t e  
Service and Dr.  A r ~ i n g  o f  GSFC spoke on stepwise iniprovements t o  the  
operational meteorological sa te l?  i t e  system for  c l  imat i c  purposes, 
D r .  Yates began t h i s  sect ion w i th  a discussion of the NOAA requirements fo r  
the ocean c l imate monitor ing system, The desired accuracy, hor izonta l  and 

l a b i e  3-7. Base Parameters f o r  Coherent I R  L idar  Simulat ion 
Target Volume (300 km 
1 x 303 k r  x 1 km) 
I 
Wavelength ( X ) 
I 
Shut t le  
1 - 
, Conical 5can Period I 10 s I 
Free F lyer  
Pul se Repet i t i ~n Frequency 
( average) 
I 208 km 808 km Nadir angle (Reach! 
I 
I I 62 (600 km) 52 (1200km) 
8 Hz (var iab le )  
Ef f ic iency ( 7 )  I 10% I 
Tel escops D i  ?meter (D j I 1 m I 
Pulse Energy I t p )  I 
I 
10 J I 
Long Term Point ing Error  I 50 prad I 
Pulse Duration (T,,) 
Short Term Po in t ing  E r r w  I 2 vrad 
I 
6.7 p s  
LO J i t t e r  I 50 kH: 
Atmos?her i c  Model I i4.L. Sumner M.L. Winter I 
Absorpticn 1 AFGL I 
B a c k s c ~ t t e r  I UPL ( 1 ognormal ) 
I I 
Turbulence I :'l~f nasei !!i tti NOAAIWPL cor rec t  ion* 
I 
I 
I 
Wind f i e l d  L - .?02 shr + 2D undi ~ + r i r  M4, cor re la ted  I I Processor Complex Coils. ; t,., 2 arid Least Square ; 1 -- 7-- - .  
Soi1rce: R.M. Huffaker, Ed.; "Feasibi 1 i t y  Study o f  Sttb't ;l :.!-Borne L idar  
Giobai Wind Monitorirtg Syste~r," YOAA Techr~ical Vte,~drancium ERL WPL- 
37; Wave oropulsio. i  Labo~atory;  Boulder, Soloraco; September 1978, 
temporal r e s o l u t i m  f o r  each parameter, as l i s t e d  i n  t a b l e  3-8 were 
discussed. 
As p a r t  o f  t h i s  discussion, Dr. Yates made the  fo l low ing recomnendations: 
1)  a U.S. data c o l l e c t i o n  and loca t ion  system should be developed and 
operated; ?) the  operat ional system must be responsive t o  research needs; 
and 3) .I; Climate Pro jec t  requi res the  adminis t rat ive cooperation o f  
Ct:ngress, Administration, OMB, and involved agencies. 
Dr. Yates then r e v i e  .sd the missions o f  NOAA H and I, t h e i r  s tatus and 
instrument complements. Launch f o r  the two spac~:raft  i s  expected i n  Apr i  1 
1386 and A p r i l  1987. Both missions inc lude these instruments: AVHRR, 
HIRSI2, MSU, SEM, SBUV, and Search and Rescue. NOAA H may a lso ca r ry  the  
SSU and DCS, whi le  NOAA I may car ry  the AMSU and DCS, 
Table 3-8. Pre l  iminary Ocean C l  imate Monitor ing Requirements 
n 
PARAMETER 
Sea Surface 
Temperature 
Upper Layel- 
Heat Content 
Wind Stress 
Sea Level 
(Dynarni c 
Topography 
Currents 
Near Surf  ace 
I Subsurf ace Sea I c e  Extent ( X  open water) Sal i n i  t y  
APPROXIMATE 
TEMPORAL 
RESOLUTION 
3 days 
3 days 
1 nronth 
1 month 
5 days 
1 week 
1 month 
1 year 
3 days 
1 month 
ESTIMATED 
ACCURACY 
1:~ (sate1 1 i t e )  
0.2 C ( i n  s i t u )  
2 kc81/cm2 
(0.2 C) 
0.2 dynes/cn2 
2 cm 
2 cm/sec 
0.2 cm/sec 
2% 
0.01 ppt  
APPROXIMATE 
HORIZONTAL 
RESOLUTION 
50 km 
- 
200 km 
200 km 
200 krn 
50 km 
C r i t i c a l  Areas Only 
1000 km 
50 km 
200 km 
Dr. Arking o f  the Climate and Radiation Branch, Goddard Laboratory f o r  
Atmospheric Sciences, GSFC, then discussed the poss ib i l  i t i e s  o f  improve- 
ment i n  the operational meteorological s a t e l l i t e  system based on the 
current TIROS-N series. A follow-on t o  the TIROS N operational meteoro- 
log ica l  s a t e l l i t e  series w i l l  be needed, perhaps as ear ly  as 1984. Because 
of  the time required t o  develop a new spacecraft, the i n i t i a l  sate1 l i t e s  i n  
the follow-on series, the NOAA H and I sate l l i tes ,  w i l l  be of the s a w  
basic design as the l a s t  ones i n  the current series, and a new spacecraft 
w i l l  not be avai lable p r i o r  t o  NOAA J. The current s a t e l l i t e  design places 
physical and power res t r i c t ions  on the configurat ion of instruments. 
Arking's Lonsideration o f  the sc ien t i f i c ,  technical, and operational 
factors leads t o  the f o l  lowing recommendations: 
For NOW t i  and I: 
a. Add a s i x t h  channel, a t  1.6 pm, t o  the AVHRRIE imaging radiom- 
eter, t o  be ciesignated AVHRRl3, and t o  be used f o r  snow/cloud discrim- 
inat ion and cloud c lassi f icat ion.  
b. To meet the 1984 readiness schedule, NOAA H should be ident ica l  t o  
G except f o r  replacing AVHRR/2 w i th  /3; the payload woulci include SBUV 
and ERBI . 
c. On NOAA I, same asH :replace theMSU and SSU wi th AMSU, com- 
pensatinp f o r  the power d e f i c i t  during l a te r  l i f e  o f  the s a t e l l i t e  
wi th reduced duty cycles on some instruments; t h i s  recommendation i s  
preferable t o  the current idea o f  f l y i n g  AMSU i n  place of  ERBI. 
For NOW. J and af ter :  
d. Plan f o r  a 10-12 channel .aaging radiometer i n  place o f  the AVHRR; 
i t  would provide greater accuracy i n  sea surface temperature, 
meascranent o f  cloud height and other cloud parameters, and observa- 
t i o n  or c:,!d.tropospheric c i r cu la t ion  patterns. 
e. Deploy one or more of the new high spectral resolution sounders 
(e.g., AMTS and HIS: which provide greatly improved vertical resolu- 
ijcrn. 
f. Experiment with an advanced earth radiation budget sensor, 
eventual ly to replace €RBI . 
The TIROS N series of polar orbiting operational meteorological sate1 l i  tes 
began with the launch of TIROS N in October 1978, was followed by NOAA A 
(re-named NOAA 6 after launch), and will continue through NOAA ', a total 
of 8 satellites. The third in the series, NOAA 8, was launched on May 29, 
1980 but failed to achieve the required orbit and attitude control and is 
therefore a total failure. NOAA has reconsidered its need to inmediately 
replace TIROS N (the objective of the NOAA B launch) and present plans call 
for continued use of NOAA 6 and TIROS N to meet the operational meteor01 - 
ogical requirements. The nominal launch schedule for the remaining sate- 
1 1  i tes, based upon the requirement for two operating sate1 1 i tes and their 
life expectancy is as follows: 
NOAA C 
NOAA D 
NOAA E 
NOAA F 
NOAA G 
April '81 
April '82 
April '83 
April '84 
April '85 
On basis of the above schedule, replacement satellites are needed begin- 
ning in 1986. The follow-on requirements conveyed to NASA by NOAA can be 
s m a r  ired as fol lows: 
a. Imaging. Maintain the radiometric imaging capability for cloud 
and surface features and for sea surface temperature mesurements, 
cu r ren t l y  provided by AVHRR/l (Advanced Very High Resolut ion Radio- 
meter, version 1) on e a r l i e r  sate1 1 i t e s  i n  the ser ies  and by AVHRRI2 
on l a t e r  sate1 1 i tes. 
b. Sounding. Fa in ta in  the atmospheric sounding capabi 1 it.y, 
cu r ren t l y  provided by three sounders: HIRS/2 (High Resolut ion 
In f ra red  Radiometer Spectrometer, version 2), MSU (Microwave Sounding 
U n i t )  , and SSU (Stratospheric Sounding Un i t )  . 
c. Energetic Par t i c les .  Continue energet ic p a r t i c l e  measurements 
along the s a t e l l i t e ' s  o r b i t ,  cu r ren t l y  provided by SEM (Space Envi- 
ronment Monitor). 
d. Data Col lect ion.  Continue t o  c o l l e c t  data from bal loons and 
remote platforms, cu r ren t l y  provided by DCS (Data Co1 l e c t i o n  System). 
e. Ozone. Motbi tor the ozone by cont inuing measurements w i th  the 
SBUV (Solar Backscatter U l t r a v i o l e t )  radiometer t h a t  w i l l  be deployed 
on NOAA F as an R&D experiment and on G as an operat ional instrument. 
f. Earth Radiat ion Budget. Monitor the components o f  the  ear th  
rad ia t i on  budget parameters by cont inuing measurements w i t h  ERBI 
(Earth Radiat ion Budget Instrument), which w i l l  be deployed on NOAA F 
and G as pa r t  of the NASA Earth Radiat ion Budget Experiment. 
Search and Rescue. Continue deployment o f  SAR (Search and 9. --- 
Rescue) system t h a t  w i l l  begin w i th  NOAA E. 
I n  add i t ion  t o  the above requirements, NOAA intends t o  gradual ly  upgrade 
the capabi 1 i t  ies  of the sate1 1 i t e  system and develop new capabi 1 i t i e s  t o  
meet f u tu re  requirements by conducting R8D experiments, j o i n t l y  w i t h  NASA, 
u t i l i z i n g  improved and new sensors. This po in t  w i l l  be fu r ther  discussed 
below. 
Inprovements and New Sensors. .- A t  the ~ l -esent  time there are no research 
s a t e l l i t e s  tha t  could be used f o r  tes t ing and evaluating new sensors. But 
there i s  ongoing research i n  remote sencing leading t o  improvements i n  
sensor design, which could provide the operational meteorological satel -  
l i t e s  wi th  enhanced capabi l i t ies  t o  meet current and fu ture  needs o f  the 
meteorological comnunity. 
It i s  intended tha t  the TIROS N f o l  low-on series be able t o  acconmodate RLD 
missions wi th new sensors. There are three areas where improvements or  new 
sensors, -in various stages o f  development, should be considered for  test-  
ing i n  the TIROS N f o l  low-on series: (1) imaging; (2) atmospheric sound- 
ing; and (3 )  earth rad ia t ion budget monitoring. 
a. Imaging. I n  imaging radiometers there i s  a near term improvement 
tha t  can be achieved by addit ion o f  a s i x t h  channel t o  the AVHRRI2 i n  
the v i c i n i t y  of 1.6 um. This channel w i l  l add a capabi l i ty  o f  dis- 
cr iminating between snow and cloud cover. With the present AVHRRJ2 
snow and clouds are both highly re f lec t ing  i n  the v i s i b l e  and near !R 
channels, but a t  1.6 the snow i s  dark (even darker than land 
surfaces and vegetation cover) while clouds are s t i l l  br ight .  The 
1.6 un channel has the fur ther  c,-tpability of dist inguishing between 
clouds consist ing o f  l i q u i d  droplets and i ce  part ic les.  An i l l u s t r a -  
t i o n  of  the 1.6 pm capabi l i ty  t o  discriminate snow, c i r r us  clouds, and 
cumulus clouds appears i n  f i gu re  3-17 which i s  based upon a i r c r a f t  
measurements. 
Other channels tha t  could enhance the capabi l i ty  o f  the imaging 
radiometer t o  sense atmospheric and surface parameters are l i s t e d  i n  
table 3-9. However, only the 1.6 pm channel can be incorporated 
eas i ly  i n t o  the present design. Any o f  the others would require major 
redesign -- essential ly, development of  a new instrument. Therefore, 
i t  i s  recmended tha t  the s i x t h  channel be added, beginning w i th  NOAA 
H and designated AVHRR/3, and the addit ional chan~e ls  be considered 
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i n  the design o f  a new instrument t o  replace the AVHRR i n  the  l a t e  
80's. A conparison o f  the three versions o f  the AVHRR i s  shown i n  
tab le  3-10. 
b. Atmospheric Sounding. Three instruments now provide the  t o t a l  
sounding c a p a b i l i t y  o f  the s a t e l l i t e .  The HIRS/2 i s  a 20-channel 
instrument which u t i l i z e s  channels i n  the thermal i n f r a r e d  po r t i on  of 
the spectrum t o  obta in information on surface temperature and atmos- 
pher ic  temperature and humidity p r o f i l e s .  The MSU has 4 channels i n  
t he  50-60 GHz po r t i on  of the microwave spectrum t o  sense tropospheric 
temperatures i n  the presence o f  clouds. The SSU has three channels i n  
the center o f  the  15 urn C02 band t o  provide temperatures i n  the 
stratosphere (20-50 km) . 
Two new in f ra red  sounders are under development which are aimed a t  
s i g n i f i c a n t l y  improving the v e r t i c a l  reso lu t i on  o f  the  sounding i n  
the troposphere (from -6 km t o  -2.5 km). Both invo lve  going t o  higher 
spectral  resolut ion.  One of them, the AMTS (Advanced Moisture and 
Temperature Sounder) uses d iscre te  channels w i th  spectra l  widths 
ranging from .5 t o  2 cm 'l. The other, the HIS (High reso lu t i on  
Interferometer Spectrometer) i s  based upon a spectra l  measurement 
w i t h  1 cm'l resolut ion.  A decis ion between these two approaches i s  
pending a comparison study tha t  i s  now tak ing  place. A comparison of 
the key features o f  the new instruments w i t h  HIRS/2 i s  shown on t a b l e  
3-11. 
A t h i r d  sounder under development i s  the AMSU (Advanced Microwave 
Sounding Un i t ) ,  a 20-channel instrument which, i n  add i t ion  t o  the 
tropospheric temperature channels on the current  MSU, has surface 
sensing channels, water vapor prof  i 1 ing  channels, and h igh  reso lu t i on  
st ratospher ic  temperature channels. The AMSU w i  11 e f f e c t i v e l y  
replace both MSU and SSU on the current  sounder group. I t s  key 
features are shown i n  tab le  3-12, i n  comparison w i th  the MSU. This 
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1 
instrument has already been selected by NOAA and NASA as an R&D 
experiment on NOAA H or I to be followed by operational use there- 
after. Because of its size and required power, AMSU could not be 
mounted in addition to all of the required instruments. This point is 
considered be1 ow. 
c. Earth Radiation Budget Monitoring. The earth radiation budget 
measurements that will come out of the ERBI instrument are based 
primari ly upon wide f ield-of-view (WFOV) measurements to provide 
global budgets and narrow field-of-view (NFOV) measurements to 
provide geographic distribution. The NFOV measurements are made by 
radiometers which scan 1 i nearly azross the downward hemi sphere, 
mostly across the satellite track. Since the radiance emanating from 
any point on earth depends (sometimes strongly) on direction, a 
linear scan will develop a bias in that certain directions will be 
ignored. To conpensate for the scan bias angular models are appl ied, 
based upon the earlier experiment on Nimbus ; and on theoretical 
calculations. To the extent that the angular models do not adequately 
compensate for the bias, the residual error may be too large. There- 
fore, a new instrument is being developed, which senses uniformly 
within the downward hemisphere, completely avoiding any scan bias. 
It has the further advantage of being an array of fixed sensors and 
thus avoids mechanical scanning, which could 1 imit the life of such 
instruments. This instrument is in an early developmental stage, hut 
could become available in the mid-80's. The key features are shown on 
figure 3-18. 
d. Spacecraft Design Considerations and Launch Readiness. The 
current spacecraft design 1 imits our ability to meet the requirements 
as they evolve beyond the mid-80's. At some point a new spacecraft 
will be required to meet expanding requirements and to effectively 
utilize the shuttle launch capability. Initially, the follow-on 
series will begin with a spacecraft identical to NOAA G ,  which is of 
IY
nl
JP
HE
Rl
CM
, 
FI&
D-
AR
RA
Y 
SE
W
SO
I1S
 T
O 
YI
EL
D
 F
UL
L 
AI
IG
UL
AR
 D
IS
TR
I#
CT
lO
n,
 
2 
X 
D
AI
LY
 P
ER
 S
AT
EL
LI
TE
* 
sEQsm
- EA
RT
H 
RA
DI
AT
IO
U 
W
E
T
 CH
AN
NE
LS
 T
O 
EA
SU
RE
 D
IU
RH
AL
 
VA
RI
AT
IO
II 
AT
 F
IX
ED
 V
IE
W
IW
B 
AN
GL
ES
. 
Pb
Ilr
Pn
oc
E
ss
lw
e 
M
A
T
 M
T
A
 A
CC
OR
DI
M
 T
O 
TA
R6
'T 
AR
EA
, 
AT
 E
AC
H 
TA
RG
IET
 A
RE
A, 
IN
TE
6R
AT
E 
PO
LA
R 
SA
TE
LL
IT
E 
M
iA
SU
RE
HE
NT
? 
W
E
R
 V
lE
W
lW
 A
W
U
S
 T
O 
6E
T 
FL
UX
 A
NP
 T
N
W
 .W
'PL
Y 
D
IW
M
. 
Ca
RE
CT
lO
H 
M
SE
D
 U
PO
H 
6E
O
SY
NC
M
RW
S 
W
AS
UR
EM
iW
TS
e 
W
ID
E 
Al
lO
 W
A
R
M
 F
W
 )I
EA
SU
IIE
Mi
NlS
 A
RE
 )
IA
# 
SI
C
U
TM
O
U
SL
Y 
W
IN
6 
TH
E 
S
M
 SE
HS
OR
 C
Ul
UY
 -
 
)(EW
E, 
M
U
U
Y
 IN
TE
GI
UT
ED
 E
RB
 C
O
W
O
W
nt
S 
AR
E 
CO
MS
I S
TE
IIT
 W
IT
H 
T
N
 R
EB
IO
I(U
 C
OI
+O
II
U(
TS
a 
Fi
gu
re
 3
-1
8.
 
Ad
va
nc
ed
 E
ar
th
 R
ad
ia
tio
n 
Bu
dg
et
 M
on
ito
rin
g 
Sy
ste
m
 
the ATN (Advanced TIROS N) design that  makes i t s  debut w i th  NOAA E ( i n  
order t o  accomnodate SAR) . 
Although the nominal launch schedule ca l l s  f o r  the f i r s t  s a t e l l i t e  i n  
the f o l  low-on series (NOAA H) t o  be launched i n  1986, NOAA has placed 
a requirement for it t o  be ready i n  1984 t o  serve as backup f o r  NOAA G 
and t o  allow f o r  the p c s s i b i l i t y  of  one addit ional fa i lu re .  Since a 
new spacecraft could not be ready p r i o r  t o  1986 (according t o  es t i -  
mates by the TIROS Project Off ice)  i t  has more o r  less beo7 decided 
that  both NOAA H and I would continue wi th  the ATN des i~n ,  and a new 
spacecraft would not be introduced p r i o r  t o  NOAA J. 
On the basis tha t  the NOAA H and I sate11 i t e s  would continue wi th the 
ATN design, the TIROS Project Off i c e  conducted a study t o  determine 
what payload could be accmda ted ,  taking i n t o  consideration the 
physical and e lcc t r  i c  power 1 imi tat ions o f  the spacecraft . The 
resu l ts  o f  t h i s  study are contained i n  a memorandum ent i t led,  "NOAA H 
and I Payloads", from Andrew McCul l x h  (TIROS Instrument Scient is t )  
t o  the TIROS Deputy Project  ManagerITechnical, dated Ap r i l  18, 1980. 
The s ta r t ing  point  of tt.1: study i s  the set o f  requirements l i s t e d  
above plus the desire t o  f l y  AMSU, it being the only instrument 
selected by NASA and NOAA f o r  an R&D mission. It turned out tha t  the 
spacecraft could not accomnodate a1 1 o f  the required instruments plus 
AMSL!. The key res t r i c t i on  was physical space t o  mount a l l  of the 
instruments and provide the required unobstructed views o f  earth and 
space ( f o r  cal ibrat ion).  Insuf f ic ient  power was another factor. A 
trade-off analysis was then carr ied out involv ing four instruments 
considered least  important; AMSU, SAR., SBUV, and ERBI. The resu l ts  
are shown i n  table 3-13. There are s i x  non- t r iv ia l  options. The 
f i r s t  i s  ident ical  t o  NOAA G, which, o f  course, can be done. The 
second i s  the desired option o f  f l y i n g  a l i  four instruments, which 
cannot be done f o r  the reasons mentioned above. The remaining options 
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consider keeping AMSU but dropping one or more of the others. It 
turns out that the only viable options involve deleting: 
AMSU or [SAR + SBUV] or ERBI. 
A1 though there will be a power deficit of as much as 44 watts at end- 
of-life with Option 6 (deletion of ERBI) it is not considered a 
problem because AMSU can be duty cycled, since it is an R&D instru- 
ment. Also, it is possible to turn off MSU and SSU and use AMSU for 
operational data if it is working properly. 
The above considerations have led NOAA to decide on Option 1 for NOAA 
H and Option 6 for NOAA I (letter Spohn to Greenwood dated April 30, 
1980). In effect, H would be identical to G and I would replace ERBI 
with AMSU. 
If NOAA continues to fly two satellites operationally (one in after- 
noon and one in morning orbits) the deletion of ERBI from NOAA I would 
niean that when I is operational, earth radiation budget monitoring 
would be made from only one satellite. That would significantly 
restrict the diurnal coverage. It is difficult to estimate how 
seriously it would impair the earth radiation budget estimates 
because there is insufficient knowledge at this time concerning 
diurnal variability. To get the required diurnal coverage for the 
ERBE experiment it was decided to use three satellites: a morning 
orbit, afternoon orbit, and a non-sun-synchronous satel 1 i te that 
drifts through the diurnal cycle. 
One of the options not considered above is deletion of MSU and SSU. 
This is viable option from the point of view of fitting the instru- 
ments on the spacecraft, although there may remain a small power 
deficit that could be eliminated with a reduced duty cycle for one ?r 
more instruments. The functions of the deleted instrume~ts could be 
borne by AMSU, which w i l l  a c t u a l l y  replace MSU and SSU on the  subse- 
quent s a t e l l i t e s  i n  the f o l  law-on series. 
NOAA argues against de le t i on  o f  MSU and SSU on the  grounds tha t  AMSU 
i s  an R8D instrument on which they cannot r e l y  f o r  operat ional data. 
They fu r the r  argue k,,at AMSU may s l  i p  i n  schedule and therefore they 
must be prepared t o  launch I without  AMSU. Arking does not consider 
e i t h e r  o f  these arguments compelling. The d i s t i nc t . l o r  between oper- 
a t iona l  and RbD instruments i s  simply a question o f  who pays f o r  it, 
NASA o r  NOAA. By the time AMSU i s  launched on NOAA I, an i d e n t i c a l  
instrument w i  11 have been bui  l t  and integrated onto NOAA J wi thout  the 
MSU and SSU as backup. ( I t  should be noted t h a t  J w i l l  be the backup 
t o  I and must be ready f o r  launch w i th in  fou r  months o f  I, if current  
pol  i c y  continues. ) On the second argument, concerning s l  i p  i n  AMSU 
schedule, one can pro tec t  against i t  by b u i l d i n g  the MSU and SSU as 
backup instruments, and when and if i t  becomes apparent t h a t  AMSU w i l l  
not  meet tilt ~chedule, then a decision could be made t o  f l y  hsll and 
SSU instead o f  AMSU. 
Arking concluded t h a t  ear th rad ia t i on  budget monitor ing i s  su f f i -  
c i e n t l y  important t h a t  i t  not  be deleted from I. The a l te rna t ive ,  of 
de le t ing  MSU and SSU, w i t h  the proviso stated above -- tha t  they be 
p r e ~ a r e d  as backup i f  AMSU misses the schedule -- i s  s t rong ly  pre- 
f erred. 
Dr .  M i l l e r  d i d  not speak a t  the meeting, but  he d i s t r i b u t e d  an informal 
paper on operat ional meteorologicai s a t e l l  i t e s  summarized here. 
An opera-ional meteorological sate1 1 i t e  system has three pr imary objec- 
t i ves .  The f i r s t  i s  t o  view the  global atmosphere r e g u l a r l y  and r e l i a b l y  
both day and night,  prov id ing d i r e c t  readout o f  data t o  l oca l  ground 
stat ions.  Such a s a t e l l i t e  system should also r e g u l a r l y  and r e l i a b l y  sound 
the global atmosphere t o  provide quan t i t a t i ve  in format ion f o r  use i n  
n m r  i c a l  weather predic t ion.  F ina l  ly ,  weather features must be 
continuously viewed, the  sate1 1 i t e  system being supplemented by f i x e d  and 
mobile platforms from which the  s a t e l l i t e s  c o l l e c t  and r e l a y  
meteorological data. 
The remainder o f  Dr .  M i  1 l e r  ' s presentat ion concerned the po lar  o r b i t i n g  
s a t e l l i t e  subsystem namely the  TIROS-N ser ies o f  operat ional spacecraft. 
Figure 3-19 shows the  system from data c o l l e c t i o n  by the s a t e l l i t e s  t o  the  
ground s ta t ions  and the user community. 
The primary instrument system o f  TIROS-N includes the AVHRR, a data col  lec-  
t i o n  system, a space environmental monitor, and a TIXOS operational 
v e r t i c a l  sounder, which i n  tu rn  includes HIRS/2 and the stratospheric and 
mesopheric sounder uni ts .  This instrument complement gives the  TIROS-N 
system the capabi 1 i t i e s  1 i sted below: 
a. Day and n igh t  image (AVHRR) information on cloud cover d i s t r i -  
bution, cloud top temperature, moisture patterns, and ice, snow and 
surface temperature. Provision o f  these data g loba l l y  twice d a i l y  
f o r  -;ntral processing, t o  APT and HRPT stat ions. 
b. Ver t ica l  temperature and moisture p ro f i l es  o f  the  atmosphere, 
provided g lobal ly ,  w i t h  continuous r e a l  -t ime transmission o f  radiance 
t o  l oca l  stat ions. 
c. 701 l e c i i o n  o f  meteorological data from f i x e d  and f ree- f  l oa t i ng  
i n -s i  LU platforms. 
d. Measurements of proton and e lectron f l u x  density and t o t a l  par- 
t i c u l a t e  energy deposit ion. 
"he c a p a b i l i t i e s  o f  the data handling system are near ly  as important t o  the  
user c o m n i  t y  as the data i t s e l f  . The key concepts and systems f o r  TIROS- 
R are l eve l  18 processing, mapping and gridding, quant i ta t ive  processing, 
r'erermining soundings, external user support, data base and archiving. 
Level 1B processing gives ca l ib ra ted a ~ d  located data, which are used i n  
ORIGINAL PAGE IS 
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the gr idding and mapping rout ines. The i n i t i a l  quan t i t a t i ve  products w i  11 
be as l i s t e d  below: 
INITIAL QUANTITATIVE PRODUCTS 
a. Sounding 
Tropospheric Layer Mean Temperature 
Prec ip i tab le  Water 
Stratospheric Layer Mean Temperature 
Tropopause Temperature 
C1 ear Radi ancez 
Total  Ozone 
Cloud Height and Amount 
b. Sea Surface Temperature 
Sea Surface Temperature 50GHz Resolut ion Observation 
Global Object ive Analysis (One Degree Grid) 
Regional Scale Analysis (F ive Degree Gr id)  
Cl imat ic  Scale Analysis (F ive  Degree Grid) 
Monthly Mean Analysis 
c. Heat Budget 
Day/Ni ght Longwave Flux 
Reflected Energy 
Avai lable Solar Energy 
The launch schedule f o r  the TIROS-N system was presented (see Figure 3-20). 
The changes i n  the instrument complement f o r  the advanced TIROS-N sate- 
l l i t e s  are l i s t e d  below: 
ADVANCED TIROS-N 
a. NOAA-E 
q 
Is, 
b. NOAA-F and -G 
-- ADD SBUV: Ozone Monitor 
-- ADD ERBE: Radiation Balance Experiment 
-- Sane HIRS/2 Improvements 
C. NOAA-H 
-- Same as NOAA-G Less ERBE 
d. NOAA-I 
-- Same as NOAA-H Plus Prototype AMSU 
-- AMSU Replaces SSU and MSU 
GENERAL CLIMATE OBSERVING SYSTEM OF THE 1990's 
Dr. Atlas spoke on the concept of a global climate observing system (GCOS) 
to be implemented during the 1990's. He introduced his topic by surveying 
the major assumptions and considerations that went inta this Global 
Climate Observing System (GCOS) concept and by referenci~g the major back- 
ground documents implicit in this presentation. One major consideration 
was that the need for long-term (decades) sets of data made the data 
acquisition a quasi-operational problem. Taking this as a springboard, 
At1 as sumnarized the cl imatical ly relevant considerat ions from a prior 
paper "Visions of the Future Operational Meteorological Satell ite System". 
This included a description of the need for, and the outlook for both Low 
Earth Orbiters (LEOS) and the Geosynchronous Earth Orbiters (GEOS) and 
networks of in-si tu sensors. The nreteorological and climatological data 
processing problems were touched on and the advantages and disadvantages 
of some aspects of the proposed GCOS were compared. 
The goals of the climate program, especially as they affect the space- 
sensing portion include: (1) producing a long term global climatology of 
contributing boundary forcing parameters, and corresponding response 
variables, as a step i n  diagnosing, understanding and pred ic t ing  c l ima t i c  
var ia t ions  as we;l as i n i t i a l i z i n g  and va l i da t i ng  models; ( 2 )  the 
monitor ing c f  weather and cl imate as i t  appl ies t o  c l imate nowcasting and 
inpact  assessment, i .e., the ef fects on energy, food, water resources, 
etc; and (3 )  the monitor ing f o r  long term c l ima t i c  changes such as the 
e f fec ts  o f  C02 increase. 
It i s  important t h a t  5 t a rge t  Framework be set  now f o r  1990's GCOS. Since 
there i s  no chance f o r  a completely new, cl imate-dedicated observing 
system, it must evolve from ex i s t i ng  and planned s a t e l l i t e  systems (p lus  
i n - s i  t u  networks, etc.  ) . Consequzntly, space systems being designed now 
w i l l  be bu i l d ing  biacks o f  the GCOS. These bu i l d ing  blocks w i l l  f i t  
together on ly  i f  they are aesigned t o  do so. Hence, a ta rge t  framework i s  
needed now t o  assure the c rea t ion  o f  a s o l i d  framework f o r  the  next 
decade's GCOS. F ina l l y ,  when one rea l i zes  t h a t  the c l imate research a c t i -  
v i t y  w i l l  cover decades, i t  i s  c lear  t h a t  i t  i s  a quasi-operational 
problem, and tha t  the  GCOS framework must be b u i l t  around operat ional 
observing systems. 
The po in ts  o f  departure f o r  t h i s  GCOS concept inc lude the documents and 
plans f o r  various NASA and DoD s a t e l l i t e s ;  the repor ts  o f  the NASA c l imate 
special  study workshops; t he  At las  e t  a l .  EASCOM paper, "Visions of the 
Future Operational Meteorological Sate1 1 i t e  System"; the various i ns t ru -  
ment and/or system feas ib i  1 i t y  studies for  p rec ip i ta t ion ,  s o i l  moisture, 
etc.; and the l a t e s t  National Climate Program plans. 
A GCOS has t o  r e f l e c t  basic c l imate data considerations. As mentioned 
before, the data must cover a long t ime span w i t h  minimal gaps. I t  i s  also 
important t h a t  the c l imate measurements have no unknown systematic biases, 
although random e r ro rs  are more to lerable,  s ince the c l imato log ica l  datum 
w i l l  t y p i c a l l y  be an average o f  many measurements. I n  a s im i l a r  vein, 
absolute measurement accuracy may not  be as c r i t i c a l  t o  c l imate measure- 
ments as long term precision. The requirement f o r  precision, however 
obtained, wi 1 1  put a premium on absolute and transfer standards and cal i bra - 
tion techniques, on instrument intercomparisons, on regular supporting 
ground truth measurements and on possible instrument recovery and recali- 
bration after f 1 ight. While the coverage and repeatabi 1 i ty provided by 
satellite-borne sensors is important for the climate program, determining 
some parameters may require that remote sensors be used in conjunction with 
in-si tu ground networks or with drifting sensors (buoys, bal loons) to 
provide the necessary data accuracy or precision. Finally, the need for 
adequate and timely data processing of climate parameters is well known. 
Two types 3f sate1 1 ite platforms are envisioned, the Low Earth Orbiters 
(LEOS) and the Geosynchronous Earth Orbiters (GEOS), as part of an inte- 
grated climate observing system. Eight LEOS are considered, each about 565 
km altitude, and distributed into four polar orbit planes 45' apart. Each 
orbit plane would cantain two LEOS. Functionally, four LEOS would be 
mainly for NOAA/DoD meteorological and cl imate purposes, two for oceans 
and cryospheres, and two for NASA research. Also, the operational Landsat 
could be part of the low orbiting GCOS. The low orbits might allow shuttle 
retrieval and instrument recalibration with a consequent lower instrument 
lifetime costs, higher sensor resolution for a given aperture (this is 
particularly important for microwave instruments) and the possibility of 
useful ly incorporating active sensors. 
The GEOS platforms would provide full disk imaging at least every & hour 
with options for providing local and regional scale images with a corres- 
pondingly greater rapidity. It would also serve as a communication link 
from the LEOS and either directly or indirectly, fram in-si tu sensors. The 
GEOS would be directly useful in several cloud-related determinations; in 
inferring some climate parameters from tine or space derivations, such as 
the surface heat capacity and its relation to soil moisture, and in 
studying local and regional climate and processes. 
It was noted t h a t  some o f  the s a t e l l i t e s  i~ t h i s  scheme may be f lown and 
operated by nat ions other than the  United States. 
The present outlook f o r  LEOS assumes t h a t  the  basic nature o f  operat ional 
meteorology and Lacdsat programs w i  11 be maintained. The present DMSPI 
NOAA LEOS ser ies w i  11 extend at.  l eas t  through 1987 w i t h  new procurements 
required i n  the l a t e r  1980's. Then the NOAA, DMSP, operat ional Landsat and 
the NOSS programs may merge i n t o  an in tegrated operat ional system. A 
large shut t le-c lass operat ional bus fo r  the  1990's may be ava i lab le  from 
the NOSS program, and may thereby dominate spacecraft conf igurat ions f o r  a 
s i g n i f i c a n t  t ime afterward. There i s  no s i g n i f i c a n t  current  e f f o r t  on 
GEOS. The NASA 5 year p lan  shows a possib le new s t a r t  i n  FY 1984 w i t h  the  
e a r l i e s t  implementation occuring i n  1988/1989. This outlook emphasizes 
the need f o r  an ove ra l l  s t rategy t o  achieve an in tegrated operat ional1 
research GCOS. 
A recen t l y  completed convergence study on i n teg ra t i ng  the NOAA and DoD 
operat ional meteorological sate1 1 i tes  suggested a constel  l a t  i on  of sun- 
synchronous s a t e l l i t e s  i n  several o r b i t a l  planes, i n  contrast  t o  the  
polar-orb i  t i n g  LEOS d i  scussed above. A1 though three o r b i t  planes were 
suggested fo r  the present operat ional requirements, when a f u t u r e  merging 
of the operat ional Landsat and o f  NOSS w i t h  the meteorological s a t e l l i t e s  
occurs, i t  i s  1 i k e l y  t ha t  the r e s u l t i n g  system could evolve t o  an operat ion 
u t i l i z i n g  four  symnetrical l y  arranged o r b i t  planes. This f i n a l  r e s u l t  
could be s im i l a r  i n  spacing t o  t h a t  proposed f o r  the  GCOS. Also, f u t u r e  
operat ional systems may employ an i n - o r b i t  spare r e s u l t i n g  i n  two sa te l -  
l i t e s  i n  each o r b i t  plane. Some t rade-of fs  involved i n  two versus one 
sate1 l i t e  per o r b i t  plane are shown i n  t a b l e  3-14. 
One proposed data management system was described (see f i g u r e  3-21). For 
COSS purposes, the important t h ing  t o  note i s  t h ~ t  the  c l imate data manage- 
ment center i s  an i n teg ra l  p a r t  o f  the e n t i r e  operat ional data system, and 
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i t  would acquire i t s  data a t  the same t ime as the global forecast center. 
This i s  essent ia l  t o  prevent large backlogs of data from p i 1  i ng  up. 
I n  conclusion, the GCOS must be combined w i th  operat ional systems t o  the 
greatest extent possible. The candidate system presented shows a reason- 
able approach, nitets the t u l  1 spectrum of operat ional and c l imate needs and 
forrns a franeworir fo r  the fu tu re .  Within t h i s  framework there are advan- 
tages and cisadvantages t o  the s y m s t r i c ,  low orb it, 8 s a t e l l i t e  system and 
sever?? parhs t o  be considered i n  an actual implementation. I t  i s  impor- 
tan t  t o  set the over-a1 I G:;3S framework now; otherwise the GCOS bu i l d ing  
olocks, which are the current  and the  planned s a t e l l i t e s ,  w i l l  not  f i t  i n t o  
an integrated system. 
REACTIVE FRESE:<TATIONS AND MODELLING NEEDS 
A t  the evefiing session, D r .  Lei th,  D r .  Hansen, and Professor Gates were 
asked t o  g ive t h e i r  i n i t i a l  react ions t o  the programs and recommendations 
made e a r l i e r .  
3r. L e i t h  began by o f f e r i n g  one d e f i n i t i o n  o f  c l imate as being the s t a t i s -  
t i c a l  proper t ies o f  the weather and emphacizing t h a t  i t  i s  the f luc tua t ions  
of these s t - a t i s t i c a l  proper t ies which are o f  primary in te res t .  
The which best defines the slowly evolving s ta te  o f  the atmosphere 
f o r  dynamic purposes i s  the qqrasi-geostrophic geopotent ial  v o r t i c i t y .  A 
r u l e  o f  thumb f o r  r e l a t i n g  an e r ro r  il: a wind observation t o  an e r r o r  i n  
the temperature observation i s  t o  make them rougbly equivalent i n  the  
weight they car ry  i n  determ'ning t h i s  quant i ty.  For cyc lonic  scales 1 K  
er ro r  i n  temperature i s  roughly equivalent t o  an e r r o r  i n  wind o f  2 mlsec. 
Wind in for ma ti or^ becomes more usefu l  than temperature as one moves toward 
the t ropics,  and toward srnal l e r  s a l e s .  Wind information a t  2 m/sec e r r o r  
car r ies  information which i s  equal t o  o r  be t te r  than temperature informa- 
t i o n  3 t  1K everywhere excell-, f o r  : very la rges t  scales o f  the ocean and 
atmosphere. i i d a r  may provide wind observations on the order o f  a 
0.5 m/sec equivalent t o  a temperature o f  # t o  &K. Present temperature 
sounding schemes are running around 2-3K. 
There are a number o f  areas which show up i n  every descr ipt ion of cl imate 
progrms. There are two pr inc ipa l  areas o f  concern t ha t  have been discus- 
sed f o r  several years. 
One o f  them has t o  do wi th cloud rad ia t ion in terac t ion and the importance 
o f  possible feedback mechanisms re l a t i ng  clouds and temperature changes. 
The feedback mechanisms w i l l  modify the sens i t i v i t y  o f  the cl imate system 
t o  any k ind o f  external fo rc ing such as changing C02 amounts. Modelling 
meteorologists have been t r y i n g  t o  form some judgemat about t h e i r  con- 
fidence i n  the resu l t s  which are coming out o f  t h e i r  model sens i t i v i t y  
studies, which are d i rected toward estimating the sens i t i v i t y  of the rea l  
atmosphere i n  response t o  such things as C02 doubling. 
The compl icated interact ions between clouds and rad ia t ion f i e l d s  have 
become a hot top ic  recently. I n  order t o  understand these phenomena, the 
f i r s t  necessary step i s  the appropriate observation. As we know, the 
in ternat iona l ly  organized cloud climatology project  has been formed t o  
define clcuds i n  terms o f  the in f rared radiated propert ies from the top of 
the clouds and cloud albedo. The cl imate sjstem i s  very sensi t ive t o  very 
high and very low clouds. Middle cloud I R  and v i s i b l e  rad ia t ion e f fec ts  
tend t o  conpensate. Research on the marine boundary layer status would be 
usef u 1. 
The next b ig  topic which has also been discussed for  some years, i n  connec- 
t i o n  w i th  the cl imate system i s  the ocean-climate connection. The ocean 
serves as a k ind o f  regulator f o r  climate. People recognize the importance 
o f  the ocean as a heat transport mechanism i n  the overa l l  energy budget f o r  
the Earth because o f  the f ac t  that  the slzeable par t  o f  the heat exported 
from the equatorial regions toward the poles i s  being transported not  by 
the atmosphere, but by the ocean. 
One of the increasing interests in the climate comnunity is the land- 
surface connection and its impact on climate. There have been many dis- 
cussions or its physics, which heavily involves the energy balance of the 
Earth's surface evaporation, evapotranspiration, and effective vegetation 
soil moisture, etc. Some of the points serious'y considered: 
a. Numerical experiments have shown regional climates to be inpacted 
by albedo and soil moisture. 
b. Evidence exists that indicates regional climates are affected by 
the continental boundary layers. 
c. It may be conjectured that quasi-i ndependent regional cl imates 
may make up the climate as a whole. 
d. The hydrological cycle is a very important part of the energy 
cycle. The atmosnhere is a steam engine rather than a heat engine. 
Latent heat release measurements are needed. 
e. Soil moisture variations have time scales ranging from weeks to 
months. 
Other climate factors to be considered in the Earth climate are: 
a. C02 cycle, and other important trace gas cycles. 
b. Solar-terrestrial interzction may be significant on scales 
greater than a century. 
A composite climate observing system, as proposed by Dr. Atlas and others, 
seems to be an appropriate approach to solve the sophisticated climate 
problems in the late 80's and early 90's. 
As a beginning, we must extract every bit of information from the existing 
data bank by developing software to learn how to use the antailable data 
sets. It is also worthwhile to use a General Circulation Model to simulate 
the sate1 1 ite observing system if a set of data orbit information, desired 
sampling frequency, etc. are given. The information resulting from this 
simulation would be useful for studies of the composite climate observing 
system. 
The next speaker was Dr. Hansen of the Goddard Institute of Space Studies. 
After having listened to the day's presentations, he suggested three areas 
of priority activity. The first thing to be done is to coordinate the 
existing and planned data and improve their useabi l i  ty. This is mainly a 
software jsb that would define and implement on-line data reduction and 
compaction schemes, especial ly for visible and infrared sate1 1 i te imagery, 
to provide good Level I 1  data sets. Such software activity is particularly 
relevant to cloud data sets, precipitation, snow cover, ice cover, and so 
forth. The different data sets should be coordinated and documented to 
assure thc compatibility of imaging on different satellites and finally, 
climate data needs should be factored into the observing and processing 
systems of other programs. 
A second area of activity is to improve current measurements of such param- 
eters 2s were discussed in the section "Key climate parameters ditf icult to 
measure. " 
The third priority, Dr. Hansen continued, would be such new business as the 
improvement of current measurement capabi 1 i ty, the enhancement for cl imate 
studies of the payloads on planned satellites, and the definition of new 
candidate sate1 1 ite observing systems. 
The last speaker was Professor Gates from Oregon State University, whose 
remarks are summarized below. 
In the background of current research on the problem on climate a-e two 
general questions: Do we understand the mechanics of a changing climate?, 
and Do we know whether the Earth's climate is predictable or not? The only 
responsible antwer to both of these questions at the present time is no. 
The important? o f  f i n d i n g  a b e t t e r  answer f o r  the management of man's 
fu tu re  resources, however, f u l l y  j u s t i f i e s  the vigorous theoret ica l ,  
diagnost ic and observational c l imate research programs now underway i n  a 
va r ie t y  of quarters. 
It i s  widely recognized t h a t  the c i  'P te  i s  a complex system, consis t ing of 
i n ta rac t i ng  atmospheric, oceanic, cryospheric, lancl s u r f a ~  and bin+;c 
cmpunents over a wide range o f  space and t ime scalss, Although we under- 
r t m d  th?  physical  nature o f  each component reasonably we1 1, we have very 
I S t t l e  knowledge o f  the system's coupled dynamics, and v i r t u a l l y  no know- 
ledge o f  the processes governicg the  system's long-terin var ia t ions .  
C l  imate models have i 1 luminated the r o l e  o f  several important feedback 
mechanisms, such as t h a t  between surface temperature and albedo, and 
models have been widely used i n  the study o f  the equ i l ib r ium c l imate 's  
s e n s i t i v i t y  t o  major changes i n  the atmospheric boundary condi tions,such 
as changes o f  ocean surface temperature, ice-sheet d i s t r i b u t i o n  c -  atmo- 
spheric Cop concentrat ion. C l  imate models, however, have not  y e t  
succeeded i n  simulat ing a speci f ic  time-dependent change o f  c l  imate, such 
as a forecast  of the c l  imate of a spec i f i c  season o r  year. The diagnost ic 
study o f  observed data suggests tha t  a la rge  po r t i on  o f  such c l imate 
changes are the r e s ~ l t  of essen t i a l l y  random and there fore  unpredictable 
f luc tua t ions  of the atmosphere. Much o f  current  c l imate research i s  thus 
aimed a t  the i d e n t i f i c a t i o n  o f  the po tent ia l l y -p red ic tab le  po r t i on  o f  
cl imate change, which may t u r n  out  t o  be small bu t  nevertheless o f  great 
value. 
Basic t o  a l l  c l imate research, however, are our observatiocs o f  the  st ruc-  
t u r e  and behavior o f  the  actual c l imate. Our knowledge o f  even primary 
c l ima t i c  var iables such as wind, cloudiness and p r e c i p i t a t i o n  i s  inade- 
quate over much o f  the  Earth, whi l e  other  processes both w i t h i n  and wi thout  
the c l imate system go completely unobserved. A sustained and systematic 
global c l imate observing system i s  thus an obviously essent ia l  element of 
any comprehensive c l imate research program. Th2 uniquely global coverage 
of satel 1 i te-based observing systems, moreover, strongly suggests that 
they will provide and increasingly large share of the data necessary for 
our future understanding of the structure and predictability o f  climate. 
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AC R 
ADS 
AEM 
A1 T 
ALT 
AMSU 
AMTS 
APT 
ARC 
AVHRR 
AVHRR-3 
AXET 
CCT 
CFM 
COSS 
czcs 
DCP 
DCPLS 
DCR (TROP) 
DMSP 
DNSPRB 
DOC 
DOD 
DOE 
DOMSAT 
Act ive  Cavi ty  Radiometer 
Appl icat ions Data Service 
Atmosphere Explcrer Mission 
Advanced Informat ion Transmission 
Radar A1 t imeter  
Advanced Microwave Sounding U n i t  
Advanced Moisture and Temperature 
Sounder X I A X -  1200 
Automatic P i c tu re  Transmission 
Ames Research Center (NASA) 
Advanced Very High Resolution Radiometer 
Advanced Very High Resolution Radiometer With 
Added Channels (e.g., 6.7 vm, 18 vm, o r  1.6 
u m, etc.) 
A version o f  AVHRR w i t h  a " s p l i t "  I R  window 
channel 
Atmospheric X-Ray Emission Telescope 
Computer Compatible Tape 
Clorof  1 uoromethzne 
C l  imate Observing System Study 
Coastal Zone Color Scanner 
Data Co l l ec t i on  Plat form 
Data Co l l ec t i on  and Plat form Locat ion System 
D i f f e r e n t i a l  Corre lat ion Radiometer (Troposphere) 
Defense Meteorological Sate1 1 i t e  Program 
DOC-NASA Sate1 1 i t e  Program Review Board 
Department of Comnerce 
Department of Defense 
Department o f  Energy 
D - m s t i c  Comnunicat ions Sate1 1 i t e  
DST 
Ei=GCS 
ERB 
ERBE 
ERBI 
ERL 
E SMR 
GAMETAG 
GARP 
GCM 
GEO 
G I  SS 
GL AS 
GPS 
GRAVE 
GSFC 
GOES 
HALOE (STRAT) 
H CMM 
HDDT 
HDT 
HIRS 
HRMI 
HRPT 
I BM 
I CEX 
I R 
I R I S  
J PL 
JSC 
LACATE 
LAmR 
Data Systems Test (GARP Test Data) 
Equatorial Pac i f ic  Ocean C l  imate Studies (NOAA) 
Earth Radiation Budget 
Earth Radiation Budget Experiment 
Earth Radiation Budget Instrument 
Environmental Research Laboratories (NOAA) 
E lec t r i ca l  l y  Scanning Microwave Radiometer 
Global Atmospheric Measurement of Tropospheric 
Aerosols and Gases 
Global Atmospheric Research Program 
General Circulat ion Model 
Geostationary Earth Orbi ter  
Goddard I n s t i t u t e  f o r  Space Studies 
Goddard Laboratory f o r  Atmospheric Sciences 
Global Posit ioning System 
Global Research on Atmospheric Volcanic Emissions 
Goddard Space F l  i ght Center 
Geostationary Operational Environmental Sate1 1 i t e  
Halogen Occulation Experiment (Stratosphere) 
Heat Capacity Mapping Mission 
High Density Data Tape 
High Density Tape 
High Resolution I R  Sounder 
High Resolution Microwave Imager 
High Resolution Picture Transmission 
Internat ional  Business Machir.cs 
I ce  and Climate Experiment 
Infrared 
Infrared In tx ferometer  Spectrometer 
Jet  Propulsion Laboratory 
Jo in t  WMO/ICSU Scienti f  i c  Comnittee 
Lims wi th Azimuth Scan 
Large Antenna Mu1 t i  frequency Microwave Radiometer 
LANDSAT-TM 
L aRC 
LAS 
L BMR 
LEO 
L I DAR 
LIDAR (PRESS) 
LIDAR (T&H) 
LIDAR (TROP AEROSOLS) 
LIDAR (WIND) 
LIMS 
MRVM 
MSS 
MSU 
M.W. 
NASA 
NAVSAT 
NCAR 
NCP 
NESS 
NOAA 
NORPAX 
NOSS 
N SF 
OBLIS 
OGCM 
OLS-2 
OSS 
PRECIP RADAR 
RTP 
SAGE 
SAR 
Land Sate1 1 l t e  Thematic Mapper 
Langley Research Center 
Laser Absorption Spectrometer 
L-Band (21 CM Microwave Radiometer) 
Low Earth Orbi ter  
L igb t  Detection and Ranging 
Lidar Pressure Sourder 
L i  dar Temperature and Moisture Sounder 
L idar Aerosol Sensor (Troposphere) 
Lidar Wind Senior (Clear Skies) 
Limb In f rared Monitor o f  the Stratosphere 
Medium Reso11::ion Vegetation Mapper 
Mu1 ti spectral Scanner 
Microwave Sounding Uni t  
Microwave 
National Aeronautics and Space Administration 
Navigation Sate1 1 i t e  (Exist ing System) 
National Center f o r  Atmospheric Research 
Natiocal Climate Program 
National Environmental Sate1 1 i t e  Service 
National Oceanic and Atmospheric Adminstration 
North Pac i f ic  Experiment 
National Oceanic Sate1 1 i t e  System 
National Science Foundation 
Ocean Boundary Layer I R  Sensor (Dr. C. Prabhakara 
Concept) 
Ocean General Circulat ion Model 
Operational Line Scanner (DMSP) 
O f f  i ce  o f  Space Sciences 
Prec ip i ta t ion Radar 
Research Test Platform 
Stratosphere Aerosol and Gas Experiment 
Synthetic Aperture Radar 
SBUV (POLAR) 
SBUV 
SCAT 
SCLERA 
SDM 
SEA 
SEASAT 
SMMR 
SMM 
S P 
SR 
SR I 
SSH-3 
SSM-A 
SMM-I 
SMM-T2 
S.S.T. 
SSV 
SSW 
TIROS 
SY STEMS-80-X 
TOMS 
TOVS 
UARS 
VISSR 
PWAVE 
wm, 
WSIR 
SBUV With Po lar iza t ion  Measuring Capabi 1 i t y  
Solar Backscatter U i t r a v i o l e t  (Monochromatsr) 
Radar Scatterometer 
Santa Catal i n a  Laboratory f o r  Experimental 
R e l a t i v i t y  Through Astronomy 
Statistical-Dynarnical Model 
Science and Education (Dept. o f  Agr icu l tu re)  
Research Stat ions 
Sea Sate1 1 i t e  
Scanning Mu1 t ichannel Microwave Radiometer 
Solar Maximum Mission 
Speci a1 Pub1 i c a t i o n  
Scanning Radiometer 
Stanford Research I n s t i t u t e  
I R  Interferometer (Temp. and Moisture Sounder) 
(DMSP ) 
Advanced Microwave Radiometer and Scatterometer 
(DMSP ) 
Microwave Imager (Precip. Sea Ice, Sea SFC 
Wind) (DMSP) 
Microwave Temp and Moisture Sounder) (DMSF) 
Sea Surf ace Temperature 
Mu1 t i s p e c t r a l  Coherent L ida r  (DMSP) 
Coherent Pulse Doppler L ida r  (DMSP) 
Telev is ion and In f ra red  Operational Sate1 1 i t e  
Planning Concept f o r  Follow-on TIROS-N and 
GOES Operational S a t e l l i t e s  
Tota l  Ozone Mapping Spectrometer 
TIROS Operational Ve r t i ca l  Sounder 
Upper Atmosphere Research Sate1 1 i t e  
V i s i b l e  and In f ra red  Spin Scan Radiometer 
Microwave 
World Meteorological Organization 
Wide Swath Imaging Radar 
